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PREFACE

The third issue of the Transactions (Trudy) of the Yakuts : Branch of the Siberian

Division of tile Academy of Sciences of the USSI{ (YBSI)A_ de ds with the first results of

e_)erimcntal and theoretical resetu-ch carried out during the nternational Geophysical Year

(IGY, 1957-5s).

The collection consists of three sections. The first desc:'ibes single-model automatic

counter installations used to measure the frequency of extensive atmospheric showers and

cosmic rays below ground, and apparatus which records the iltensity aboard artificial

earth satellites.

The second section deals with a,udysis of the role played :)y meteorological factors in

cosmic-ray variations.

The third section, which is the lulicst, describes experir.mntal and theoretical investiga-

tions of extra-atmospheric c()smic-ray variations, it should be pointed out that these in-

vestigations were based on m_alysis ()t extensive recordings of' cosmic rays over a wide

ener_,_," mmge made in Yakutsk (luring the IGY.

The articles published in this book have been discussed a scientific seminars at the

Physics Research Laboratory of the' YBSDAS and at the Instih te of Terrestrial Magnetism,

Ionosphere and Iktdiowave Prop:lgalicm of the Academy of Sciences (IZMIRAN). Some of the

articles were dclivcred as reports, at meetings of the Physics-Mathematics section of the

Scientific Session of the YBSDAS, on the results of basic scientific research for 1958 and on

the Branch's tasks in the light of the resolutions of the XXI Party Congress (Communist Party

of the Soviet Union} held in April, 1959.

The collection contains articles by L. I. Dorman (Aeaderly of Sciences Magnetic

Laboratory}, and Ye. S. Glokova, N. S. Karniner and Ya. L. Blokh (IZMIKAN), who used ex-

perimental material collected by YBSDAS for their research. These authors are thanked

for their cooperation and coordination of the research.
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All -
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T_--

ZTIr--

E --

lntcmity of cosmic rays in pair= of ions per 1 cm 3 per 1 scc in air at '760 mm Hg;

Coulpet_ated value of intensity of hard componcnt in cosmic rays In paris of Ions

per see it_idc chamber;

Vamation in intensity of c,_smic rays in qo of mean x value of I :
Variation in intcr_ity _f hard component in c<_mic rays in % _31'JdD;

Variation in intcl_ity of hard component in cosmic ra_ taking into account

ionizati,)n impac_ ilz ",,_,1X_;

Variatioll in intensity ,ffhard co,nponcnt taking into account ionization impact_

with correction for variation in atmospheric prcssurc in °70 of Io;

Variation ill intctlsity of hard COlIlpol]cilt taking into account lotnzation impact3

and c,_rrectiom for var_atiou in atm(,sphcric pressure and temperature of atmt_phere

according to Fcyubt'rg-Dornmn system in % ofl.o;
Variation in intcnMty of hard component taking into account ionization impact',

and corrcctiolm for variation in atmosphcric pressure and tempcrata.tre of atlno=phere

accordillg to Feyllbcr},,-Dorlnan system ill % of l._-x;

Barom, t;ic coefficient -- variation in intensity bf hard component during variation

in atmospheric pressure by 1 mb in % of I._;

Temperature coefficient -- variation in il_cnsity of hard component during variation

in tctllperaturc of surface layer atmosphere by l°C. in % oflo;

Variation in intensity of _-meson component due to meteorological factors and calcu-

Lated from ir:ctcorological sounding data by the Feynberg-Dorman formula in % of ,he
nican value of tile theoretically expected fntenslty of the l,-meaom;

atl1_Osp]_cric pressure;

Var_atxon in pressltre ill rob;
DHfcrcnce between earth's magnetic field component t_ and mean value in 7 ( 10"5 e);

Geometrical heicht of selected layer of atmosphere in m;

Variation in geo}'nCtliC height of selected aml,._phetlc layer in _ of mean v_ in

inc it2 lS;

Corrc lataon factor;

Temperature of atmosphere at k-th level in oc.

Variation in temperature of atmosphere at k-'h level in °(3.

Particle energy of cosmic ray=.

*

Translator's note: Where a comma appears in numbers in tables,

etc., in this volume, it represents a decimal point.
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Suction I

EXPERh",IENTAI_ APPARATUS AND METIIODS

Yu. G. Sharer and A. V. Yarygin

1NVESTIGATI()N OF VAIHATI()NS IN PIIlMAIIY COSMIC RADIATION USING ARTI-

I"R2IAI, EARTII SATEI,LITE

Many of the publicati(ms produced in the USSll m_d other countries on the eve of the

launchin", of the first artificial earth satellite, when discussing the most import:mr tasks in

studyin;_ cosmic radiation with artilicial c;trth satellites, recognize the composition alld variation

in primary radiation [1] as sul)jcets of prime irrlport:mee.
The authors of these public:_tions considerod that as a first approxinmtion of a single (,eiger

or scintillation counter aboard the artificial earth satellite could provide sufficient iniormalion

regarding the geographical relationship and time variations in intensity of cosmic rays near the

earth.
It was assumed that the interpretation of the expected , xperimental data would make it pos-

sible to describe all the known reg-ular and irregmlar wlriations in t)rimary radiation and to study

the relationship between them and changes in solar activity, disturbances of tlte earth's magnetic

field and wn'iations in the intensity of various s(wcmdary components observed at sea level.
I.'urthermore, the material obtain_'d was to be used to study ll-year and other long-term varia-

tions in primary radiatiou.
This program was based on the results of earlier rocket measurements of cosmic ray

intensity [2,:1] which showed the absence of any height dependence of the intensity, starting at
al)out 50 kin. The conclusion was dr:_wn at the time that practically all charged particles at

these heights were primary, that their intensity was constant and that the earth's albedo for

cosmic rays was slight.
It was shoal'n, however, that these views were incorrect. Experiments with geophysieM

rockets revealed a monotonic increase ill intensity with height. From 70-210 km this increase

amom_ted {o ai_proximately 17_7_ [41.
Measurements made by Soviet earth satellites and cosmic rockets have shown convincingly

that at a h_'ight of 500-1000 km around the earth there is, symmetrical about the earth, cor-

puscular radiation m the equatorial plane consisting of charged particles _t" secondary origin

moving round the earth in a kind of "trap" formed by the earth's mabgnet[c field [51 .

As shown in publi 'ation [5], these charged particles form two high-intensity zones with a

gap where the intensity is at least one order weaker (Figure 1).
In the extermd zone, limited by magnetic lines of force crossing the earth's surface at the

geomagnetic latitudes 55 and 65 °, most of the particles are electrons with energies of 20-100 key.
In the internal zone, limited by magnetic lines of force of 30-40 °, the data on the composition

of the radiation is more wtgue, but it is known that it consists of high-energy particles and that it

may contain protons with an energy of 100 Mev.
Measurements made by earth satellites have shown that the intensity increases along the

lines of force when going from lower to greater heights. If we select points on the same line of



forceof60°at300,1800,5G00and14,000kinabovetheearth'ssurface,themeasuredin-
tensitiesareintheratio1:20:200:700.Thisshowsthattherecordedchargedparticles
donotcomedirectlyfrominterplanetaryspace,butoscillatealongthelinesofforce,i.e.,
theyarecontained in a trap formed by the earth's magnetic field.

75 foa

FL:. 1. Trajccto_' of r,,ckct in geomagnetic coordinates. The fll,_ht flmc (Moscow) and
Lmc;,_ D' (vertical l_ncs resting o_ the traject.ry) arc shown along_l]e die _ajectory. The
dvL_ iiidicatc [be internal zone alld t._ieshading d,e external zone. The _lcknesa of the
shadiag g_vcs a quahtativc idea of tl_e Latemity dLs_ibudon in the external zone 16)

It is U_ow_ from :_rtifieial e:)rth s:m,llite measurements that the intensity of elect_ons with
ancncr:_'up to 100 K(v. at ahcightofab.mt 500 kmbclween the latitudes 60-65 ° is 10 -104

'_ 1 1
particle..,, "era-- • sc_'- - stcr- . When they enter the shell of a satellite or rocket, these

electrons prod_Jce x-rays which tire recorded by the counter.

The instl'u_;_t,nts aboard th(, cosmic rocket (rely recorded a const,'mt intensity of 0.18 :t
0.00s particles "cm-2.s_,c-l-ster -1 above 65,000 km from the center of thc earth. It is an

important lacl that this intensity of the l)rimc radiation tallies with the results of stratospheric

[6] and rocket [7] n_easurelnt,nts in the region of the poles.

There has been a _l'eat deal of discussion of late with rega: d to the possible mechanism of

the origin of the" earth's corpuscular radiation [8]. Some peoph consider that the internal 7.one

is caused by the injection into the earth's magnetic field of elcc.rons and protons resulting from

the decay of neutrons produced t)y the earth's atmosphere _',_cn acted upon by the primary cosmic

rays.

The injection of particles into the external zone is apparently caused by the corpuscular

streams emitted by the sun, in which solar-originatingcleetrors with an energy of several tens

of Key are conveyed in mag_mtic traps "frozen" into these streams.

Thc intensity of the corpuscular radiation has proved to be many times greater than that of

She primary cosmic rays. This fact at first sight creates insut:erable difficulties in investigating
variation in the primai'y radiation m_d the associated problems )f the origin of cosmic rays.

Reliable observations of the variation in primary particle i_tensity are not possible in the

sphere of the earth's corpuscular radiation where the baekgrouLd exceeds the measurable effect

a thoustmd or more times. Such measurements are only possil:le outside the external zone or in

the lower layers of the ionosphere, beneath the increased-inten _ity internal zone, where the

secondary radiation background may be slight or entirely absen. To investigate the variations we

require a satellite with a circular orbit having a radius 300 to ._00 km greater than the rb.dius

of the earth, or un elliptical orbit, the points of which are at th_ same average height.
The single counters, double coincidence telescope and ioni:,ation chamber carried by the

artificial earth satellite can provide fairly detailed and exact in ormation on the intensity of the

primary radiation. All these instruments should record radiation with a high degree of accuracy

and over an extensive dynamic range.



3

Aneartl_ satellite el tEis kit, d, _hose position is orientated with respect to the earth, can

useftflly carry scintillation counter,; and olher devices which aid separate recording of the radia-

tion from the upper ',rod lower ht.,lni_i,Ilcrt's. The earth's albedo fox" cosmic rays can be evaluated

t}lt' iffel't'llet' ill the in>tl'i.lll/t,l_t lt,tl.dill._s

fr°mThe ,';m,,,e t)f intensity should l_e c:dculaled on the basis of data for the latitude effeet_ ae-

cordi ,, to wE ch _e r ld ati )n stream at tilt' equ',it )r is appr )x m tIolv 3 0 )artie]es. rain -_' cm -2"
_" -I ) "

ster -1 , ;rod ;it the poles ab_mt +,i0 [);irl ich's . min -era -_. stcr -1 (including the Mbedo).

In cxpcrimcnts with earth sidclliies it is vet.;' important to provide for reliable measurement

of the low intensity in the eqtu:Ltorial rc_ion over short intervals of time (at least once a minute).
Otherwise the data will be tlllsuit:|l)le for determining the position of the geomaglletic equator and

its vax'ialions.

The ionization cl_amb,:r u_.cd by us in b'.eophysical rockets [5] makes it possible for the eol-

lectin,,. _ electrode t*) :/{.eun/ul:lte a i,()l_,ntial of al_<)ut l. 5 volts ill one nxinute of chaml)er exposure
"tbovc the equator. Thi:; potential (::ill he measured with OtlF apparatus with tm accuracy of 7-10%.

The upper limit of the dymtmie rang.e of the ionization chHnlher should be several times

greatcr than that due to the latitude effect. This is necessitated fox" recording the bursts and

fluctuations in the primary radiation dec to variation in solar activily, or geomag_mtie storms,

Furthermore, we have to be x'eady te lxle:lSUX'e lhe secolxdilry radiatton in the internal zone in

case the lower I_oundary suddenly descends to heights monit,)rahle 1Lv the earth satellite.

When determining the ineasurenlcl_t range it must be kept ill rnind thttt the scale of the tele-

metric device aboard the satellite is tlsually limited. In this ease the range can be extended

either by making the scale rtmghcr (llsin_ a divider} or by emi)loymg a self-adjusting electronic

time proATanlming device. The cyhcrnelic principle of this method lies in automatic selection

of optimum conditions under which wu can measure ,'my potential (within fairly wide limits) at the

collecting electrode of the chamher, corresponding to the necessary exposure time, the

resolving power :rod limited scale el the satellite's telemetric system.

The programming device su:.,gvsted makes it possible to rednce, when the intensity increases,

and to prolong, when it decreases, the chamber exposure |ime within tile various limits within

which the amplitude of the chamber signal (in volts) can be measured with a sufficient degTee of

accuracy on the voltmeter scale in the telemetric system.

Taking into acctmnt the conditions under which cosmic rays are recorded in the earth satel-

lite, the following ionization ch:unber characteristics c:m be considered quite sufficient for the

requirements of scientific reseacch:
1) 600-1<lid r:mge of cosmic ray measurement,

2) exl_ostn)'e-tinw ran_-e from 5 to 120 seconds,

3) alnl)litude i'ange fr()lli 1,0 to 2a v, and

-1) :tbsolute aceturacy of the electronic unit in the chamber
circuit ,)f m)t less than ± 0.1 v.

With regard to the counter units, we consider it advisable to attach single counters to the
scale circuits witii different multiplicities of conversion to increase the measurement range. In

order to reduce tile number of transmitter channels, it is necessary to make provision for an

electronic eommutating device which can in turn automatically plug the outputs of different

counter scale circuits into the telemetric system.

The scaling multiplicity of the two single counters is the same.

We decided "on the following chartictcristics for the counter devices:

1) a dead time of not more th,'m 150 microseconds,

2) a resolving coincidence time of 10 microseconds,

3) a scaling factor of the coincidence unit of 16, and

4) a scaling factor for the single counters of 128.

The tempter parameters are taken to be the same as in the apparatus we used for the geo-

physical rockets.

A block diagram of the apparatus intended for installation aboard a low earth satellite is

shown in Figure 2.

As can be seen from the drawing the apparatus consists of two parts = the chamber channel
and the counter channel.

The cosmic ray intensity in the chamber channel iB measured by the amplitude-time method,



theessenceofwhichisasfollows:
Thebuild-uptimeforthechargeatthecollectingelectrodeinthechamber(chamberex-

posuretime)issetbytheprogrammingdevice.
Thistimeis inverselyproportionaltotheintensityoftheradiationbeingmeasured.
Wedeterminethepotentialaccumulatedatthecentralchamaerelectrodeduringtheexposure

timefromtheamplitudeofthcpulseatthemeasuringsystemmt-put1withtheaidoftheca.libra-
tionamplitudecharacteristic.

Theelectronicmeasuringcircuit;utd the pro-
Chamber channel

g-ramming device provide signals at the output which _ r f- -2

ean bebroadcast to ,hecarth. A sampleofa record-C4 !_i_t_

ing of the signals at a ground receiving l_oint is shown c

in Figure 3. It is clear fr(,m this dra,,viug that the
zero line, from which the pulses are counted off, is ....................

fixed two seconds before [he end of the exposure. Then Counter channel [
the full pulse (without divider) is recorded for one (- -__.__ r 1 _ -

second,and. inully,.,esamepulseisrec,,rdedfora " ,, TV::
divider). Thus, the measuring circuit has two scales

- a 6-volt scale corresponding to the one in the tele- (-___@__
metric device, and a 2,t-,,'olt scale.

During the gaps between recording the zero line

and the chamber channel pulses, the programming Fig. 2. _tock diagram of lm_ument intended fat
device switches the telemetric device input to the measuring cc6mtc ray_ aboard artificial earth iat_l-
counter channel, llte: K) mnlzaflon chamber; t) meattuing cttcul_

In this ch:mnel, pulses from two STS-6 counters 2) programming unit; 3) coincidence trait; 641ele¢-
are fed simult:meously to the coincidence unit, 3 ironic commutator; 5)smg_a counmr unit;

(Fig'ure 2), anti through the electronic commutator, coding uqlt.

4, which makes certain they are interrogated in turn, to the sirgle counter unit, 5.

The cosmic ray intensity (count rate) is determined from tl e time interval between voltage

drops at the output of each scale unit, during which there are eight pulses in the coincidence unit

and {;4 pulses in the single-em,ntcr unit.
The electronic commutator switches the single counter blo, k from one counter to another

after there have been 6.i pulses in the com_terbeing interrogate_ .

The volta_ .h-ops from the end cells in the coincidence uni and the single counter unit are

fed to the coding unit. When the counters are interrogated in ttrn at the coding unit output there

is a voltage level of one volt for one counter and t. 5 volts for the second counter. Every eight

coinciding pulses, these two levels either increase by 1.5 volts, i.e., become 2.5 and 3 volts

respectively, or reaequire their former values. Thus, the cod,ngunit provides for the trans-
mission to the telemetric device input of four different voltage :evels corresponding to a

particular counter for a particular position of the coincidence u fit output cell.

This system of coding, interred,rating and programming mat:es it possible to transmit informa-

tion from all four pickups along the same telemetric channel.
The ionization ctmmber K (Figure 4) is spherical, has a 24} mm diameter and is filled with

argon. The time constant when the chamber is exposed is of th_order of 104 seconds. The po-

tential at the chS.mber electrodes is restored when the relay Pl contacts are closed with a time
constant of the order of 10- seconds.

The polarized relay Pl makes it possible to produce a pulse of exponential shape without
overshooting or bre.'tking at the measuring circuit input.

The electronic measuring circuit consists of a pulse ampli ier, a pulse stretcher and a

cathode repeater.

The amplifier L 1 contains a 2PlgB pentodc with a screen f,,ed-back circuit. The use of the
circuit makes it possible to reduce the output resistance of the stage, which in turn has made it

possible to increase the elongation factor and improve the stability of the system when the feed

voltage oscillates. The amplification factor of the stage is app "oximately equal to 6.

The stretcher L 2 uses a 2S14B triode connected as a diode The stretcher circuit includes

a "dosing" circuit CaR 5, which is necessary for the normal op, ration of the programming device.

The tube La grid circuit has different time constants, when rec,,rding the zero line and when
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recording the siI4nal. The variation in the time constant is cffected with the relay contacts P2

aa_d P3' according to the programming device.

The end cathode repeater has a normal circuit with a 2S14B triode. The division factor of

the output divider, required to expand the limits of measurement, is selected in such away

that the linear part of the amplitude characteristic of the entire charmel fits into the 6-volt

scale of the telemetric device.

ca-wii_o;t divider .....

couner 2 ................ I i:_L_--Counterl _- i-_: ............. i- F

1 i iwi_ dlvlderI ,With dlwdcr
! ! ,,_ _ i : /I

Counter
2 - -J- _.... ; .... - -_' ' I- ±

......,..... 7-_2/: _ : -_-
Counte_ I ..... : - ' I

t' " _- .... Counting time for 8 coiacidences --_

Chamber expclute time

Fig. 3. Specimen of chamber and counter slgnM rocordlng.

_t /,/it A:',,I

/ \ _i. 2PIOl]_L-L"I-T-'_- r-'1 t.3_L2SI4B {'-"tF-'x /. "" _"e"T % _ T ._

' meo _IgB

dx L2 " tometric device

Fig. 4. SLmpilflzd chamber channel circuit.



The amplitude characteristic of the chamber channel is given in Figure 5.

The programming device ensures the necessary measurement range and is intended to con-

trol the operation of the chamber relay, stretcher, and divider, and to interconnect the chan-

nels. In our own apparatus we used the automatic programming method devised by A. V.
Yarygin.

The position of the relay contacts in the circuit (see Figure 4) corresponds to the moment

the chamber is exposed. At this moment the counter readings a_e being recorded. Only the

relay P3 is switched on. To increase the time constant in the L. tube grid circuit, the diode

L 2 is disconnected and the closing circuit is switched on in parallel to the capacitor of the

stretcher C 2. The contacts, 5, of the relay P2 disconnect the t(lemetric device from the
chamber channel.

With the beginning of the two-second uncontrolled generatior half-period in the multivibrator

L4L_, tm core of relay P chan_es to the right hand position _hich means that the relays P_
t , 5 ,

and _2 swi ch on and relay P3 switches olf. The diode L 2 connects to the grid of tube L 3, tho

dosing circuit disconnects, and the telemetric device switches o Jer to recording the chamber

channel signals. The relay contacts P:] and P2 "short" the stretcher, as a result of which the
telemetric device records a zero line fol" two seconds.

When the half-period is over, the relay contacts P3and P6 remain in their previous

position for another two seconds, on account of the discharge of condenser C10, during which
the chamber pulse is recorded. When the Pc_ relay core changes to the left-hand position,

O

relay P3 "opens" the stretcher, and the chamber relay Pl removes the charge from the central

electrode in the chamber. The pulse appearing at the R 1 load r(sistanee is amplified, stretched

and after the cathode repeater reaches the telemetric device. Tae divider relay P4 controls the
charge from condenser C 4 in such a way that the full value of th( output pulse is recorded during
the first second and a quarter of it during the second second.

When the condenser C10 is discharged, the chamber is agailL exposed and the signals from

the counter channel arc recorded. At this moment the multivibrttor is in the position of the
first controllable generation half-period.

The amplitude-time characteristic of the multivibrator is siown in Figure 6. The shape of

this characteristic is selected with aview to receiving the g,l'eate d possible amount of informa-
tion.

The dosing circuit increases the stability of the programmiJ g device and reduces its "inert

quality" (hysteresis) when there is a great degree of oscillation .n the cosmic-ray intensity. For

this purpose the screen grid circuit for tube L 4 in the multivibr_tor includes the circuit R6C5,
which sets a lower limit on the exposure time range. The dosini: circuit only reports part otthe

output pulse voltage during the first cycle for control of the mult vibrator. If the intensity of the

radiation remains unchanged after this, the exposure time and tl'e output pulse will not achieve

a stable value until after the third cycle, but there will be no los _ of information involved.

A simplified counter channel circuit is shown in Figure 7. ,_t the input of this chmmel there

are compensating dividers for each counter and matching emitte_ repeaters 1 and 3, which make
it possible to create conditions for the counters close to those r_ted. Pulses from the emitter

repeaters are fed to both the coincidence unit and a single-count_ r unit.

In the coincidence block the pulses are formed by the single flip-flop multivibrators, 2 and

4, assembled with resistance-capacity coupling. Rectangular-st aped pulses lasting 10 micro-

seconds are fed from the single multivibrator output to the coinc dence circuit, 5, containing two

transistors with a total load in the collector circuit. The coinci( ing pulses are scaled by the

counting circuit which consists of one stage of the emitter repeat__r-amplifier, 6, and four binary

sealing units, 7-10, with a total scaling factor of 16. The output voltage level changes after every
eighth coinciding pulse.

In the single counter unit pulses from the emitter repeater b_puts are fed to the electronic

commutator circuit, 11-12, and are then scaled by a similar cir,:uit, 13-19, with a scaling
factor of 64.

The electronic commutator which is based on the coincidenc,_ principle consists of two

matching emitter repeaters, 20, and two coincidence circuits, 1 -12. The counters are inter-

rogated in turn by the commutator in the following way. Voltages; from different arms of the end

stage in the counting circuit, after the emitter repeaters, are ap )lied to the corresponding co-

incidence circuits, opening and closing the triode in the circuit h_ turn. Only those pulses reaching
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an occupied (conducting) triode arrive at the output. The voltages in the end stage arms change

every 32 lmlses, hence after the same number of pulses the counting circuit will be switched

into action to interrogate the next counter. Uout -
Apart from pulses from the counter, the countingcir- -[---i 7-_-_T---1

cult input of the single counter unit also receives "brighten-

ing" pulses with a frequency of 0.5 cycles per second. The

use of brightening speeds up the interrogation of the counters,

which is import:rot when the intensity of the cosmic rays is
low.

The coding unit contains two transistors with an overall

emitter load. The transistors are controlled by voltage drops

coming from the scaling cell outputs of the coincidence unit

and the single counter unit. In this way various currents

determined by the resistances R 1 and R 2 arc commutated.
Combinations of these currents produce different voltage

drops at the load {levels}, each of which corresponds to the

operation of a definite counter for a particular position of

the coincidence unit output cell. To make the absolute

value of these levels positive, a 5.2 volt battery is placed

in series with the output.

• --:------7 ......--Y

' //t ..... 1
6' //_ I .... /chamber

" -' ,' _ ) without divider
J ;,: ,_ J_' .b wl_ divider

Fig. 5. Amplitude chazacteriatic of cham-
ber channel

In conclusion the authors express profound gratitude to

Professor N. L. Grigorov, Doctor of Physico-Mathematical
Sciences, whose advice and practical assistance was instru-

mental in designing the apparatus. The authors are also
grateful to N. N. Goryunov, scientific worker, and I. N.

Kapustin, radio technician, for assistance in designing,as-
sembling and testing the transistor systems.
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V. A. Belomestnykh, B. S. Nedzvedskiy and Yu. G. Sharer

INVESTIGATIONS OF VARIATIONS IN COSMIC RAY INTENSITY IN STRATOSPHERE

Investigntion of the cosmic rays in the stratosphere is being conducted in Yakutsk with a

counter tclescolm and a single counter carried aloft into the stratosphere by sounding balloons

and with special recording apparatus on the ground.
The first v(.!rsion of this apparatus is described in ill. Extensive tests have shown the

criticality of the circuit in the original version with respect to the feed voltages and the un-

satisfactory conditions selected for certain parts of the apparatus.
This arli..le describes the second version

of the apparatus. Numerous mea._u,'e,n_nts __-_:. ,--_
of cosmic rays in the stralx)sphere made

with this new apparatus enabled us to obtain _ i
reliable experimental material during the .V"l

International Geophysical Year. Some of
the results of the amdysis of the strato- * t94_

Section tbaough AA
1

spheric measurements arc considered in Fig, 1, Diagram showing arrangement of Geiger counters
this article. (type STS-6) t_1double coincidence telescope aboard bal-

The apparatus consists of a double- looa.
coincidence counter telescope (Figure 1) ,and a single counter, ltalogen counters of the STS-6

type are used to record the intensity of the cosmic radiation in two channels.

The coincidence circuit is made with D1Zh crystal diodes and is connected to the counters

by a differentiating circuit I_ -- 10 kilohms _md C - 1000 micromicrofarads with a time constant
r : 10 -a see. (see Fig_n-e 3).

The selected system provides a coincidence-circuit resolving time of less than 10 micro-

seconds and a selection factor of about 4, and is non-critical with respect to the feed voltages.

At the same time, this system brings about a reduction in the input resistance and increases the

counter dead time. Partial elimination of these shortcomings is afforded by careful choice of

the crystal diodes with respect to inverse current, the lower limit of which should be 12 micro-

amps at a voltage of 25 volts.

Use of this system gives rise to certain apprehension with regard to the normal functioning

of the counters, which at first sight are not being used under conditions for which they were

designed. However, comparison of simultaneous measurements of cosmic rays with two tele-

scopes, one of which was joined to the input of the crystal diode coincidence circuit, and the

other to the nor.real l/ossi tube circuit, showed promising results. Data obtained over more than

a year of simultaneous operation of the two instruments are compared in the table.

It can be concluded from analysis of the tattle that counters attached to the input of our co-

incidence circuit mounted on semiconductor diodes do work normally.

Among the other important parts of the apparatus we should mention the single flip-flop

multivibrator mounted on one 1A2P multigrid tube.

The multivibrator has two functions: it shapes the coincidence pulses and works as a generator
when its input receives barographic signals from the positive-polarity relaxer.

These signals are divided into short, medium and long, according to their duration. Their

periods are set by the relaxer according to the position of the aneroid contact within the limits
550 microseconds to 0. 003 seconds.

The barographic signals make the multivibrator oscillate by acting on the blocked grid. The

oscillation period of the multivibrator is about 150 microseconds. Asymmetry is expressed by a
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Table. Results of Comparison of Number of Telescope Readings for Same Time Intervals*

June-August 1958

A B A/B

707 r,2G ! , 13

73q 655 1, | 3

723 65!! t .08

68G I;I t I, 12

637 394 t ,t)7
Ior4 951 I,I t

10f_ 960 1,1 -'

4379 62,8 1,09

70? b21 i, 13

til;7 (_19 1.09

October 1958-March 1959

A B A/B

677 636 1,tl

67t; _)7 I, 11

+;t_l) I)43 I , 07

729 671 1.13

+;92 6,L5 t, 07

719 G:,7 ! ,09

I3X2 1267 1,0_J

G_ff, 618 f. 11

7:W_ 677 1,00

693 63_ i. 09

JuJ_

A

721

511

6+;8

2{,31

2072

(_)74

3147

5538

3958

- luly 1959

S ,_B

657 1.09

734 I. 12

576 t ,06

{'_34 l,il

1835 I .og

1927 1,08

5515 t,lO

2782 t,t3

•5089 t, 09

3503 1, t 3

* A - Data from telescor, c attached to input of coincidence circuit with crystal
diodes;

B - Data from telescope attached to Rmst coincidence circuit input.

pulse length of about 15 microseconds, and by a reciprocal of the pulse duty factor of the order

of 100 microseconds.

Barographic signals are transmitted from the single flip-flop "nultivibrator output to the

modulator in the form of three types of pulse trains consisting of 5, 8 and 20 pulses.

To avoid mutual induction of the sensitive elements in the eir(uit, both multivibrator grid

circuits contain filters R = 33 kilohms and C = 10-20 micromicrofarads.

The relaxer mounted on a MTKh-90 three-electrode neon tube is intended to send signals

indicating barometric pressure and air temperature.

As can be seen from the circuit (see Figure 3), the relaxation period varies with the

position of the contact of the bimetallic temperature pickup. The )ength of the pulse picked off

the cathode resistance varies according to the position of the aner, dd pressure pickup contact.

An integrating (shaping) circuit, T = 3. 10 -3 SeC, is coupled to the relaxer output and this con-

verts sawtooth pulses into bell-shaped ones, which are better for _riggering the signal vibrator.

The MTKh-90 neon tube is chosen to match the ignition potent al within the limits 140 volts

± 2%. This is essential to make it easier to adjust the instrument _ and identify them.

A 1A2P heptode or a 1B2P pentode in a triode regime may be ased as the modulator tube.

Channel II

Pig. 2. Block diagram of airborne apparatus: 1) counter tt le.scop¢; 2) coin-

cidence circuit; 3) single flip-flop oscillator; 4) channel I ! lodulato¢; 5)
channel i radio urammitmr; 6) channel II radto-ttammitmr; 7) channel n

modulator; 8) single cotmt_r; 9) relaxer; 10) power supply uaiL,

Normally the modulator tube is blocked. A positive pulse condng from the single multi-

vibrator unblocks it, and a pulse with a 60-70 volt amplitude is th( n formed at the modulator

resistance, R = l0 kilohms. This pulse reduces the potential at th _. transmitter tube cathode to

the value which can act as the generation threshhold.

The resistance in the modulator tube anode R = 5.1 kilohms i_ auxiliary. When the apparatus

is being adjusted to it, an oscillograph or input stand can be attacted to calibrate the telescope.

When the apparatus is being used, this resistance switches off. Tae USW radio transmitter con-

talus a 2PIP tube. Because of the high anode voltage, the transmtter is able to provide signals

sufficiently powerful for reliable reception over large distances.

The second apparatus channel (Figures 2 and 3) consists of a +ingle STS-6 counter, modulator
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and radio transmitter. The last two of these are similar to those described above in the first

channel; the only difference is that the modulator resistance in the second channel is double the
first.

The transmitters in the first and second channels are spaced at a frequency of 2 to 10
megacycles.

The power supply unit consists of batteries of the following types and ratings.
1. A 390-volt battery with a + 220-volt tap (anode voltage} to power the counter and relaxer.
The circuit normally functions at 390 volts + 8%. Criticality with respect to this voltage is
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determined by the amplitude of the counter pulse, which decrea:_es as the voltage fed to the

counter drops.
2. A bias battery for the first channel circuit of 55 volts, with a voltage criticality of 20%,

3. A bias battery for the second channel circuit of 55 volts, with a criticality of 2070.
4. Three filament batteries: a) to feed the single vibrator and modulator in the first chan-

nel, b) to feed both transmitters, and 3) to feed the first channel modulator. The volt.age

criticality ranges from 1.65 to 1.0 volts.
The batteries feeding the counters, anode circuits :rod bias are made up of disc batteries

tbqm 105-PMGU-0.05. The filament battt.rics arc type I-KSU-:.. The structure of the power

supply ensures that tile appur3.tus ltn/ci ions normally l'or three ]tours.
To obtain tile necessary power Icoln the anode battery at th-_ moment of the pulse it is shunted

with a 30 microfurad capacit:mce.
P, efore being latmched the apt)ar;ttus is usually checked :rod adjusted. In particular, the

necessary nUlll})or of pulses in the b;tro_v;tI,hic signal trams is selected by adjusting the resistanceB
in tile MTKh-90 tube catht)de. Th,.' rcl:t>.ati_m Hitcrwfls are als,_ selected by varying the

resistances in the anode circuit.
The STS-6 counters are selected in accordance with the standard on the basis of the beginning

of tile count, lcng_.h lind inclination o] tht, plateau. Furthermore, the single counters are cali-

brated from a y -prelmration and the tclesc_,pe from a natural background. A deviation from the

standard instruments of nit)re th:m 2-:It, ' is not tolerated.

When the ;llq);traltls is being l;t'cpt).F,'d, the pres-

sure pickup in lhe barograph chan_bc," is ;4raduatcd at ('- ")
the control poHlts 900, 800, 700. 6{}(}, £{}0, .It}0, '.:_00,

200, 100, 50 and 25 rob. iX e.dibr:ttion curxc for the

aneroid is plotted from these tiara. _ __
Before the flight tilt, power SUPldy unit is packed L_.Z_I L____J

with cott(m wool and placed ill a cItrdhoard box

paintctl black. Except lor the teml,ccaturt' I>iekul ), :____th0 whole api_aratus is enclosed m a eclh>phane bag to
avoid convective heat cxchmlge \viti_ tilt' surrounding

To recei\'c the signals sent tntt l,v tilt' tl'atls-
mitters aboard the hallt+,m, the tw(> s__,ts of equipment

(one set for each c'h:umel) are set up at a point on tile Fig. 4. 13oek diagram of airbone appaxatus
ground. Each set includes a highly sellsitive ultra- a,+d appa* ms on ground: 1) airborne apparam3;
shortwave receiver, coder, scttlil_.g circuit :uld Z)USw ra 1o receiver; 3) osctllob_aph for v_ual

undtllator. F ig,ure ,1 shows a diagram ol the ground obscrvatic 1; 4)decoder; 5)PS-64 _caling ctrcult;
6) telcgta Jhic tape undulawr; 7) telephone f_r

installation described ill [l]. The lglpe winder and check up.
monitoringosciIlograpl are the same. Siltnals

received and processed by the decoder and scaling circuits are recorded by the undulator on

telegraphic tape on two lines corresponding to the channels in t _e airborne apparatus. Accurate

time markings every thirty seconds are marked on the tape.

The apparatus weighs 2150 g; it can e'tsilybe carried aloft on two standard No. 150 radio

sotmding balloons. The maxinn, m ceiling achieved correspond _ to t_ pressure of 5-10 rob. The

ceiling, however, depends consith, ral>ly on the quality of the ba loon envelopes and preliminary

treatment. The duration of tile ascent averages 70 minutes. I is usuttlly possible to receive

normal sigT/als during the ascent and descent to a pressure lcv,,l of 300-400 mb.

In Yakutsk the cosmic-ray intensity of the stratosphere is measured regmlarly every other

day. During magnetic storms the numbe," of ascents is increa.,ed (two each day).

A considerable amount of exlmrimental material has been required by the laboratory since

October, 1957. Of measurements relating to difDrent heights :he main ones processed are those

during which a pressure level of 100 nab or more was achieved

Processing has made it possible to plot height-dependence g-raphs, in which the intensity is

averaged according to pressure levels or for 5-minute intervals. The statistical accuracy of the

telescope measurements at the Pfotzer maximum is 1.5 to 3.0'r0.

Analysis of the experimental material has enabled us to obtain data on the decline in solar
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activity in cosmic ray intensity from measurements in the stratosphere [2].

It was shown during this research that the intensity of the ionizing component in the strato-

sphere from 1958 to 1959 increased to such a degree, compared with 1957-1958, that a level of

150 mb it amounted to 3.5 :_ 2% and at 50 mb to 16 ± 8% (Figure 5).

_00

E

l

i i

I r
I

i , 1

I
I

I i
i

i

k ,2_

0 _ _ Jt_

tteigh4 mb.

Fig. 5, Cu_vcs showing lmenst W versus height of ionizing component of
cosmic rays obtained from averaged data for stratusphcric measurements
made In Yakut_k:

A - during period from December, 195"/ to April 1958; B - during period
from December, 1958 to May. 1950.

The considerable errors are al)l)arently due to the small amount of data for great heights used

and to instrument errors, chiefly radiation errors, due to the apparatus being heated by the sun.

Comparison of the results ol)tained with ground data on variation in the intensity of the hard
and neutron components in cosmic rays, obtained over the periods in question at Yakutsk, and

with the results of calculations using coupling factors has made it possible to conclude that the

increase in cosmic ray intensity during the decreasing solar activity (from 1957 through 1959)

was due to an additional flow of particles with energies up to 10 :L 2 Bey, and that the variation is

not accompanied by subst,_Lntial transformation of the energy spectrum and is therefore due to
primary radiation scattering by magnetic fields.

The experimental material obtained does not clash with views on a reduction of the number of

corpuscular streams carrying frozen magnetic fields associated with the fall off in solar activity
[3].
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D. D. Krasil'nikov

APPARATUS FOR RECORDING TIME DEPENDENCE OF FI.EQUENCY OF EXTENSIVE

ATMOSPHERIC SttOWERS WITII GEIGER-MULLER C OUNTER DETECTORS

h_troduction

The development of tectmiques for the acceleration of partieies up to 10 Bev under

laboratory conditions, the need to obtain further information on ¢he interaction of particles with

still higher energies, the desire to ascertain the origin of cosmic rays and various astro-

physical problems associated with them are at present the incentive forl_vestigation of cosmic
radiation particles in the sphere of superhigh energies (greater than 10 ev) and make the

investigation particularly topical. The investigation of temporal variation in cosmic-ray in-

tensity in this energT region is, among other things, of very gre_t interest.

Temporal variation in the intensity of cosmic rays with supc thigh energy was little

studied until recently because of the expe,'imental difficulties involved.

These difficulties are due first aJ_d foremost to the extreme y small intensity. For in-

stance to judge from recent measurements and evaluations [1 2[ 1 em 2 of surface at the

boundary of the atmosphere is crossed by particles with energy :o greater than 101:_ev once in

twenty eight days, by particles with energy E o greater than 1015ev once in approximately 240

years, and particles with energ?¢ E o greater than 1017 once in (7-8) • 10 `5 years.
At the present time we only know of one way of effectively s_udying variations in the in-

tensity of particles with energ3_ above 1013 ev, and this is by pro longed and continuous recording

of the frequency of exlensive atmospheric showers. The latter :re produced in the atmosphere

by superhigh-energ T cosmic rays. Due to the fact that every su.:h shower covers alarge area S

(up to several square kilo_ ..ters in the ease of giant showers) at the depth of the atmosphere, it

is possible to rt,e(_r(t, over _marea S c(msiderably greater than th,_ area o of the detector itself,

inst;mces of the incidence of superhigh energy particles, that is there is in principle a pos-

sibility of collecting sufficient statistics of instances to t)erform an analysis of the various types

of time depemlence in superhigh energ 5, cosmic rays in spite of iae very, very slight intensity.

Itowever, at the present level of techniques employed the practi( ",tl task of continuous and prolonged

recording of thc frequency of these showers involves great difficalties. From the viewpoint of

the variety of conditions (the very great spread of size) of the sb)wers, and the rate at which

statistical data can be collected which have to be covered by the shower recording apparatus,

the latter becomes cumbersome, and the large scale use of such short-lived parts as electronic

tubes and self-quenched com_ters as detectors means that the work of the apparatus is interrupted,

that a large numl)er of addition:d links have to be provided and tt at the apparatus has to be care-

fully tended and checked during operation.

Basically, it is the difficulties involved in arranging the exI:eriment which have resulted in

comparatively poor sty; !v of the time dependence. For example, only a few points in the world

are at present engaged m recording them.

It should be pointed out that the variations in the frequency ( f these showers observed in the

depths of the atmosphere (near sea level) are not only due to variations in the intensity of primary
particles of corresponding energies, but are also due, as shown by experience [3-5], first and

foremost to variations in the state of the atmosphere above the oaservation point. By forcing us

to make corrections for atmospheric effects this fact hampers d reet consideration of the varia-

tion in intensity of primary particles with superhigh energies, bit at the same time, it provides
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an opportunity to study ,and extend th(, data on certain important characteristics of ttle primary

interaction at sul_erhigh energies. This information concerns s_ch characteristics of the

primary event as the interaction cross section, multiplicity of rascent particles, fraction of un-

stable particles and so on. Indeed, the very genesis and develo)ment of the extensive atmospheric

showers is accompanied i_y a large number of primary events [( ], and the observed effects of the

atmosphere on their frequency depend in the long run on tile cha cacteristics of these primary
events.

Thus, when recording variations in the frequency of the showers, the investigation of time

dependence of the intensity of cosmic rays of corresponding energies, which is carried out in

order to ascertain the origin of cosmic rays and to throw light (n certain related astrophysical

problems, is combined with the acquisition of further dataon the charactcristics of the primary

event at supcrhigh energies of the interacting particles.

The systcmaLic recording of variati(ms in shower frequenc3 near sea level in Yakutsk (100

m above sca level) was begun by the author in 1954 in order to study the associated meteorological

phenomena [5]. There could be no question of studying any other aspects when itwas considered

that the incidence of cascs obtained with the use of low-powered apparatus was comparatively

small. Thus, duringthe first series of observations (1954-195:i), recordings in a normal building

with a roofing thiclmess of 60 _. cm -2 produced a frequency of _bout 10-12 per hour for at-

mospheric showers selected by the tvip]e coincidence apparatus, at a counter group area of _I =

2 = t-_;: 0.i m 2. When a doublin!4 unit had been constructed ald a special pavilion built with a

simpler ceiling (2.5 g- cm-2), the frcquencyof the recorded sh)wers went up to 30 per hour

(1955-I_56). During the first series of observations the author used a self-quenched Gcigcr-

Muller counter, type GS-9, with a working area of about I00 cm 2 each, and during the second

series GS-60 ,untcrs, each with an arcs of 330 cm 2. As the e_periment showed, when the

clectr_mic circuit for processing the Geigcr-Muller counter pulses was simple, and the number of

cotmtt.vs was comparatively small (20-30), it was possible in beth series of observations to

record for about 85% of the total oossible observation time; 15c)[:of the time was wasted on inter-

ruptions involving replacingcou,,tt,vs and tubes and daily check, to assure the proper operation of

the apparatus, intcrruptk, - H :he power supply and time taken to deal with various types of

malfunctions.

On the basis of a certain am.. ,i'experience, at the begilningof 1956 the Working Group

for Cosmic Pa_ys of the Sovi, r h_ter-Departmenta] Committee ol the International Geophysical

Year instructed the Cosmic Hay Laboratory in Yakutsk to const "uct a substantially enlarged

installation, within a comparativcly short time, for effective re2ordingof variations in the

frequency of extensive atmospheric showers in accordmlce with the International Committee's

draft program for USSR research during the hntcrnationa] Geop lysical Year.

A draft of the basic parameters and a block diagram of the 21ectronic circuits for this

apparatus, desired by the author on the basis of the Working Group's recommendations, were

discussed by the Cosmic Ray Laboratory staff after checking wi_h the work supervisor, S. I.

Nikol'skiy, and at the end of 1956 the design was approved and _sed in development and assembly

of the apparatus.

The desig_ took into account the following requirements in he new apparatus for effective

obserw,_ icm of variations in the shower frequency:

i. Sufficwnt frequency in collecting statistical data; for m._st of the shower ranges selected,

the data recorded over one year had to be adequate for clarification of all the salient effects of

frequency of the showers with an amplitud,' greater than I_.

2. The greatest possible differentiation between the separ_ te]y recorded shower sectors of

the region, and a large total area coverage of the region of mea_ showers (from _I04 to _I_

107).

3. The detectors used were self-quenched GS-60 Geiger-lVuller counters, each with an ef-
fective area of about 330 cm 2, made in this country.

4. Simplicity in controlling the operation and convenience n operating the equipment; two

operators should be sufficient to ensure normal functioning.

5. Cross-checking of the recorded data from all channels, and "cross linking" of a number

of recorded data when replacing the counters.

6. Minimum interruptions in observation; in any case, the interruptions should not exceed

10-15% of the total possible recording time.
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7. Simplicity of desit,m in the main parts of the apparatus, for easy assembly on the spot

without expert assistance.
Work on the construction of the apparatus did not begin until the second quarter of 1956.

By necessity the desiguing and assembly work proceeded almost concurrently. The first units

(more or less half the apparatus) were put into operation at the end of 1957, and the remainder

in May, 1958, while the main work on the unit as a whole was completed by July 1, 1958.
A block diagram of the apparatus used to observe the extensive atmospheric showers is

shown in Figure 1.
The first results of processed material are available [7,8]. The apparatus continues to

function normally. Below we describe the basic characteristics of the apparatus and its princi-

pal parts, including a brief description of some of the results observed.

Rcct._ _ tn_ Apparatus

I. Detectors. Geigcr-Mullcr counters arc ust.d as detectors of charged particles. The use

of scintillation comaters, Cherenk_,v radiation in the air or special Cherenkov counters for this

purpose, which is possible in principle, seemed to us to involve greater difficulties than the

use of ordinary Gcigcr-Mullcr counters, to judge by the state of the development of Cherenkov

counters [9-11] at the time this apparatus was desi_._ed.

Taking into accotmt the temperature variation from +30 to - 60°C. at the observation point,
and the fact that at the time the only available counter was the GS-60 (filled with argon and ethyl

alcohol vapor), we were forced, tmlikc the British [12], to construct powerful local installations
concentr:_ted in several separate insulated pavilions. In selecting the site for the pavilions and

the areas for counter groups in separate local recording installations, we were guided, apart

from other things, by considerations of differentiating between the sectors of recorded showers

and idc,_: ifying them in order to cross check the data obtained.

As already pointed out, we used GS-60 counters as detectors. They are glass cylinders
with a wall thickness of 2 ram, covered on the inside with a thin graphite layer (cathode), having

a central tungsten filament 0.1 mm in diameter (anode).The counters are filled with argon under

a pressure of 80 mm ttg and ethyl alcohol vapor at 20 mm Hg, providing a mean effective
thickness of the sensitive volume for shower particles of about 10 -3 g - cm -2.

The mean dimensions of the effective working area of the counter are: diameter 60 ram,

length 550 ram, i.e., the effective cross-section area is 330 cm 2. The "ignition" voltage is

about 1200 volts. The plateau length is > 150 volts, and the plateau tilt is < 0.1% per volt. In

Figure 1 each block, 1, consists of 5 GS-60 counters in parallel with respect to the output signal.

2. Pavilions. Four pavilions constructed of wood

(61612.5) m3wcre setup. They constitute one ccll of i S.', _

the network scheduled to bc spread out over a wide area

in the future. Their arrangement is shown in Figure 2. N

The distance between the pavilions is 57 m, which is

approximately equal to the mean square radius R, of the /shower near sea level. If R is actually a function of the _
temperature T of the ground layer of air, in the form of __'_ '_

R(T) _ roT, where r o is constant [131, then at such dis- | 1
tances we can expect the local temperature effect of the Iground layer of air for showers recorded simultaneously s

in two pavilions to be close to zero as an average, or to __

change its sign to posivite, as distinct from the negative ,_ []
local temper:_ture effect for showers recorded by only one

local installation. The roofing over the counters (Figure Fig, 2. Arrangement of pavillom.

3) was made of a material similar in composition to air

(moss and plywood) 3 g • cm -2 thick to avoid the screening effect of normal ceilings and to avoid

considerable transition effects as well. A subsequent check confirmed that the roofing had been

successfully chosen. It was also satisfactory from the point of view of heat insulation. The

temperature inside the pavilions is kept at +20 ± 5"C.

3. Local installationsi layout of the detectors. In effect there are three separate triple-
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coincidenceinstallationsineachpavilionwithcountergrouparrasof o1= 1/6 m 2,
m 2 and a 3 = 1.0 m 2, or 5.15 and 30 GS-60 counters in parallel, respectively.

The positioning of the

installation is shown in Figure

4. We decided to place two
counters next to each other

mainly for reasons of assem-
bly, but partly because we

doul)ted that there was any

gain i_; working area if they
were _cparatcd from each

other. The fourth counter stand

is a spare one intended to re-

duce interruptions due to part
failure. When the installation

is in operation, the spares are
in a state of readiness, and

when parts that have ceased

working properly have to be

replaced they can bc switched

into operation with a plug con-

nection and four rotary swit-
ches. As can be seen from

° 2 = i/2

it

Fig. 3. Ceiling arrangement for pavit om and
x.e,W_

[lacgInCIl[ 01"counters.

Figures 1 and 4, each stand contains 30 GS-60 counters and is serviced by 6 quenching units

mounted together with the counters. All counter stands can be easily disassembled; the power
supply and siKmfl leads are of the plug-in type.

4. Feed and counter voltage control circuit. As
can be seen from Fig:tre 5, the voltage supply and its

control are sufficiently independent of one another in the

case of each counter. The counters are only joined in

parallel with respect to the output pulses. Apart from

convenience in replaeip,:countcrs, this is done to es-
tablish for each countei conditions which reduce the end

effects .and which ,allow a maximum gain in effect from

enforced quenching of the eom_ter charge (see below).

For an exact check on tile voltage fed to the operat-

ing counters we use a monitoring control counter, which

does not affect or interfere with the operating counters

(it is difficult to follow the overvoltage from indicating

instruments at the power supply). The monitoring

counter receives voltage only during the actual check.

Otherwise it is switched off. The overvoltage in all

the counters is regulated on the basis of the monitor

counter readings. Each stand has a potentiometer for this purp)se.
kind of cheek is rarely required.

f, f _o,,

E I, [i-:]
K l" [_--_-],

Fig. 4. Arrangement of GS-60 counter --
receivi_g unitln pavilion (crottg-sectlon).

Experience shows that this

5

?

Electronic Circuits

1. Units for cluenching charge in GS-60 counters (block 2 i, Figure 1). Although they are the

most suitable in size and from the point of view of certain other characteristics for the given
shower installation, GS-60 counters made in the Soviet Union have a substantial defect. This is

the limited operating lifetime and wide distribution (with a flat rmximum) of this lifetime within
the same batch of counters.

In the usual simple circuits for GS-60 counters,] without external enforced charge quenching,
the lifetime of most of the counters ranges from 10 to 3 • 108 d scharges, with an average of 108

discharges for the whole batch. When observing near sea level :his corresponds to one week and

eight months of continuous recording. It is extremely difficult il practice to predict in advance
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whichcounterswillhaveashortlife.
Thisshortcoming,whichcanbeig-nored if the number of counters used is small mad the ob-

servations are brief, is intolerable when operating several hundred counters at the same time

to record long time variations in the frequency of atmospheric showers. For this use we require

uninterrupted recording and invarimat parameters in the receiving apparatus over a very long

period of time.

Fig. 5. Circuit showing
feed and voltage control
in GS-60 counters.

To ensure effective recording of those time variations, the first thing was to correct, at

least to some extent, this defect in the GS-60 counters, i.e., to prolong their life, if only to a

slight extent, by using an electronic circuit for forced external quenching of the discharge in the

counters.
As it is known, the life of comltors of the self-quenched type is connected with the expendi-

ture 0)Y dissociation) of the quenched component - ethyl alcohol vapor. The degree of dissocia-
tion of the alcohol molecules is approximately proportional to the electric charge passed through

the counter when it discharges [14]. Hence by using the voltage pulse from a corresponding

electronic circuit to interrupt the discharge current each time it begins to increase, we can re-
duce the dissociation of the molectfles, i.e., we can prolong the life of the counter.

Consideration of the two discharge-quenching circuits which have become common of late

[15, 16] showed that the use of them in our apparatus was neither advisable nor possible. The

first circuit is only applicable to a single counter, and therefore, in our 480-counter installation

this would have meant making the same number of quenching units with a corresponding complica-

tion in the commutation system. Both circuits require a high degree of stability in the negative

bias voltage from the supply battery (_+ 0.1 volts). This makes them inconvenient and capricious

when used for prolonged and continuous recording.

Hence, we avoided using these circuits and decided to work out a new quenching circuit which

would satisfy the requirements and operating conditions of the described installation. The
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quenchingcircuithadtorelyonfiveGS-60countersinparallel,hadtotriggerreliably,beonly
slightlysensitivetotheoscillationsinthesupplyvoltage,andhtdtoproduceamaximum
quenchingeffect. It seemedadvisablctoincludeinthecircuit_preamplifier(suchthatit
woulddiscontinuethecounterdischargeassoonaspossible),m electronicpotcntiometeranda
singleflip-flopvibrator.Acircuitofthiskindwasworkedout)yengineerA. V.Yarygin[17];
thecircuit,togetherwiththecathoderepeater,isshowllinFign,re6, whereL1is thepre-
amplifier,L9a_dL:larethesinglevibrators,Li andL. aretie electronicpotcntiometersand
L6is theeati'_oderepeaterfortheoutputpulsetothecab're.

AscanbeseenfromFigure6,theentirequenchingunitwilhthecathoderepeatercontains
threetubes,6N15Pand6NIP. Thiscircuitdiffersfromtheon_describedin[16]inthe
presenceofthepre-amplifier,adifferentelectronicpotentiometertubeconnectionandtheab-
senceofm_inductivecircuitinthesinglevibratoranodecircuit. Thequenchingcircuitandthe
cathoderepeater(block,,2m_d3inFigure1)makeuponeaGseriblyunit,whichispluggedinto
thecounterstand.

1.4

/¢_ 2 ___I_L 3

I
I I i 1

I --

L6

J&" ( --_ f_6mp

a 1 ""

T

/ I-. -_,,v
I I 7"-6Lt _ec

IIA !
22c L.- r<_

[ i"_ _'- dA:_88

d 6% =6 JV

/

i--o output

+ 300V

oO

L_ _ -ZO V

Fig. 6. Ouenchingclxcuit for GS-_;0 counter and cathode repeater. _63V

Using the method of measuring the discharge rate of the co:_denser [16], it has been found

that if the voltage feeding a GS-60 counter is slightly higher thmt the beginning of the Trost zone,

the electric charge Qq passing through the counter using the giv ?n quenching circuit during dis-

charge is small.er byA factor of 8 or 9 than the charge Qo witholt this circuit, i.e.,

Qo
: from 8 to 9.

Qq

By reducing the cathode tilt, the quenching circuit expands .he plateau by a factor of 2.5 - 3.

2, The pavilion selector consists of the })locks 4-9 (see Fil,ure 1).

The pulses are fed from the cathode repeater (block 3) to block 4 through a RK-2 coaxial

cable 6-8 m long. Throug_h the screen circuit of tube 6P9 in bl( ck 4 the pulses reaching block 3

are shortened to 2.5 • 10 -_ sec and are fed to the mixing circuit_ (block 5), and being amplified

in amplitude and power, pass through the anode circuit into the .'ell signalling the abnormality of

the GS-60 counter background. The latter, with the aid of two teon MTKh-90 tubes, sends a
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signal when the deviations are _ 20% from the normal baekgTotmd. The mixing circuits (block

5) consist of D2-Ye. separatoreliudes.
In block 6, contamh_g a 6N8S tube, the pulses are shaped again and at the output have an

amplitude of 18 volts (negativel)olarity) and alengthof 1.0. 10-tS' sec. It is this length whichde-

termines the coincidence resolving time, which is also 1.0. 10 -6 see.

The coincidence circuit uses the I{ossi system (block 7); the discriminator ,and single

vibrator (block 8) contain 6N15P tubes; they provide a good selectivity factor and ensure reliable

recordings.

For some ,7 the reeordhlg channels the functions of blocks 6-8 are fulfilled by "apple-tree

type" instruments (with certain changes). *

Three types of treble coincidences are selected in each pavilion in accordance with the three
different areas of the counter groups (1.0, 0.5 and 1/6 m2). Spurious coincidences here do not

amount to more than 1.5% (for ,an area of I. 0 m2).

Pulses from block 8, lengthened to 8 • 10 -5 see, proceed to the matching stage with the

cable (block 9), from where they reach the central selector via the coaxial cable 80 m long.

II7 -Za
500

_': zal_ See

L/•26'V r I
g

InputO_ ' ,,

D2-£ y 8
6N9

Pig. 7.

, "v"
_9

_-

Shaping stage (blocks land 2inFigute lb).

-Z08

Z'.J"_ sec

outputII o
pu Ises

3. Central selector. Twelve different types of triple-coincidence pulses reach the central

selector from 4 pavilions. The selector consists of three parts.

In the first two parts a partial selection of the triple and sextuple coincidences takes place,

i.e., simultaneous instances of triple coincidences in two pavilions. In these, blocks 3 and 4

are similar to bloesk 7 and 8 in the pavilion selectors, with the exception of the coincidence

* "Apple-tree" is a literal translation of the Russian word which also appears in quotation marks

in the original book.
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resolving time which in the given case is 10 . 10 -6 see.

The third part of tt central selector samples all the recorded combinations of the coincidence

(large multiples) and anticoineidence of the shower pulses betv een pavilions. The most important

part of this installation, the pulse-shaping unit, is shown in 1.'igare 7. Pulse c has a minus polarity

an amplitu,e of 15v and 15 • 10-6 sec interval; pulse a having th. _ same polarity and amplitudc as that

of pulse c is shorter by 5 • 10-6 with an interval of only 5 • 10-(. Pulses c are used as selectors

of various types of combinations of pulse coincidence between p tvilions and as pulse filters for

a.nticoincidences: pulses a are used for interrogation for anticoineidence. This splitting of a pulse

into two aald shift of the beginning of one, is clone to discriminate cases of anticoincidcnce relia-

bility, i.e., to prevent fa_lse cases ol anticoincidcnce due to fluctuation of the beginning of the

excitation of the following circuits.

This is vital when using transistors in the anticoincidence ueparating circuit.

All the coincidence separating circuits (blocks 3, 4, 5 and 6 in Figure 1 b) contain D2-Ye semi-

conductor diodes. The anticoincidences (blocks 7 in Figure 1 b) are separated with the aid of

P6V and P6G transistors. The end stages contain 6N8S tubes.

4. Recording. All the separated coincidence and anticoinmdcncc pulses are recorded by

meclxanical annunciators. These arc ordinary telephone message registers, but with tougher

mechm_ical parts :md increased inductance. Regular checking has shown that they work satis-

factorily. The counter readings arc photographed every hour udng a FR-2 photographic recorder.

In all there are 44 recording chennels, four of which are used t_) record the background in the pavilions,

5. Power supply. The observation apparatus is practicall3 entirely powered from the mains
using VS-16, VS--12 and VS--tl rectifiers with electronic stabili:-ation of the output voltage. The ex-

ception to this rule is in the P6V and P6G transistors, which are fed from batteries. The appar-

atus consumes approx-imately 8 kilowatts.

6. Control of apparatus operation. A duty technician (one "..or the whole laboratory) makes
an hourly check of the background signal readings and out-of-action indicators for each power

supply. Furthermore, a careful cheek is made each day of the following: I) counter background
on all stands using a PS--54 scaling device; 2( readings of 'all r_echanical recorders for four-

hour recordings made during the previous day.

All work involving preventive inspection and repair, replacement of tubes and counters

proceeds according to set schedules.

7. Calculation of mean values of recorded showers. For sabsequcnt analysis of the observed

variations in the shower frequency it is important to know the mean values of the showers recorded through

all the channels. We made the relevant calculations with the follow ng assumptions as regards the spec-

trum and spatial distribution of the atmospheric showers at sea level:

1) in accordance with measurements [18 - 20 and other puMications] the spatial distribution

function is the same for extensive atmospheric showers with different numbers of particles N and
takes the form of

t l when r < I0 ,,,_ ,
_(r)= r-le ** when t0 < r < t0C ._,

[C • r '.' when r > 100 .w,

where r is the distance of the shower axis in meters, a = 1.84 • 10 -3, b = 2.21 X i0 -3 and c =

0. 568.

2) The differential shower spectrum with respect to the nu_aber of particles takes the
form

K(N)dN = A • N-"-tdN

and according to [2 and 21]

t,32 for t0S<N < t0 s ,
x == 1,55 for t0* </V < t0',

|,80 for N > 10*.

The frequency of the showers recorded by an n-fold coincid _nce counter installation between

counter groups of equal area ¢: is determined by an expression with the form
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C(n, o)=_k(N)dNff Win, _, N, $(rl) ..... +(r.)ldS,
o (5)

where r i is the distance from the shower axis to the i-th counter group (i = 1, 2 .... n), S is the

area of incidence of the shower axis, W[n, c , N, 9 (rn)] is the probability of recording a shower
with N particles with the given installation, if its axis strikes the area element dS located at a

distance rl, r 2 .... rn, from the cotmter groups 1, 2...n, respectively.
Since all showers, irrespective of their size, take an equal part in causing the observed

variation in the shower frequency 5 C(n, _ )/C (n,a), it is convenient to take the mean value N de-

termined from the following condition as the mean.

ik(N)aNfi Wt,,, *. N. +(,',)..... +(,',,,)]_-
o (sl

= k(N)dN W[n, _, N, _(rt) ..... 9(r,_)ldS_ _
,.v (e_)

A similar approach may be taken in calculating the cases in which anticoincidences are recorded.

The integrals are not taken in their finite form, hence they were calculated by approximate
methods of numerical integration.

The mean values of the showers calculated by this method are given in Table 1, where

C{n, a) is a coincidence of multiplicity, n over the counter area a (for example, multiplicity

n = 6 and n = 12, denote coincidences in two and four pavilions simultaneously); A3{1/2, a ) de-

notes the anticoincidences, i.e., three-fold coincidences over the area a in one pavilion, unac-

companied by these coincidences for the same area in any of the other pavilions.

Table 1

Type of selection N Type of selection

A, (I/2:1,0)

C (3:1,0)

C (3:0,5)

.4,(112;0,17)

C (.3;O,17)

C (B;1,0)

1,5.10"
2,3.10"
4,0.10"
6,7.10'
1,t.10_
2,0. I(Y'

C (6; 0,,5)
C(12; t,O)
c (12; 0,5)
C (6; O, i7)
c (12; o, ft)

3,1.10*
3,9.to*
7,4-t0*
7,7.10'
2,0.10 a

Preliminary results of operation of atmospheric shower installations

Since the time it was started, the installation has been working satisfactorily. During 1958

it recorded about 107 cases of showers of different sizes. Interruptions in observation in the re-

cording units have mainly been due to defects in and the need to ,'eplace the 6N15P and 6N1P

tubes, and interruptions in recording for the installation as a whole have only been due to the

power supply failure.

The counter discharge quenching circuit has proved its worth. All 360 GS-60 counters now

need replacement only after six months of continuous operation. The semiconductor coincidence
and anticoincidence circuits have also shown themselves to be worthwhile.

The mean recorded frequencies for various types of selection of the showers are shown in

Figure 2. For some types of selection, Figure 8 gives frequency variation curves together with

variation curves for the atmosphere at the observation point.

Meteorological effects of shower frequency

Analysis of the recorded material shows that the barometric effect of the extensive showers

(for more detail see the author's article in this issue) remains constant up to mean values
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Table 2

Type of selection
Expected fre-

quency, hr. -1

,,1_ (I;2, 1,0)

<' (3.0, .,I

A, (1:2,(J,17)

C (3, 0,17)

¢; _6; 1,0)

C (_; 0,5)

C (12; 1,0)

C(12:0,5)

C(6.0,17)

C(12: o,17)

Expe imenral f_e-
quency, hr. _

3_)(; 330

413 _.11

161 t54

27 29

32 34

63,8

23,3

21.3

7,0

4,0

1,0

50,0

t6,5

13,0

4,t

2,9

0,62

_ 10 5, but beginning at N _j 10 5 particles it begin to increase considerably.

be explained by variation (within sensible limits) in the exponen- x

On the basis of the seasonal effect, the temperature

effect for showers of type C (3, 1.0) is of the nature of (_t =

-0.20% per 1°C, which tallies with results obtained by other

authors [22]; for type C (6, 1.0) showers, c_ t = +0.05% per

1°C. At the same time, for some strange reason this ef-

fect cannot be followed during brief variations in tempera-

ture in the ground layer of air. It is therefore doubtful

whether this effect is entirely due to ground conditions, as

asserted in [22,23]. It is most probable that it is com-

prised of two effects - a local aJld an upper-layer effect.

Atmospheric shower spectrum at sea level

#

:gO

._9J

1030

I0._

I0"0

C "3;I,_

*gO

The data in Table 2 show that the shower spectrum

used in the calculation of C(n,c ) is too high in the region

of large values of N. Iience in this area we attempted to

use the spectrum obtained by Kulikov and Khristiansen

[24] and recalculate C(n, ff ). In doing so we further took

x = 1.36 for N < 10 5 . The results of the comparison of

the expected values of C(n, _ ) for both versions of the

calculation with experimental data are given in Figure 9.

We consider that in the region of showers, N = 105 -

5 • 105, the spectrum usually taken is too high and that,

beginning with N > 10 5 the spectrum probably has only ¢/'"'_.'_"_

one exponent • _ 1.7. -[
The diurnal curve of the frequency of extensive at- 5o-

mospheric showers with N = 2 • 10 4 is given in Figure 10.

A semi-diurnal frequency wave with an amplitude of the +$

order of 1% mad a maximum at 4 - 5 A.M. and 4 - 5

P.M. is fairly pronounced. This wave may be due to cor-

responding diurnal variations in the mass of the atmo- q+

spheric column above the observation point, ez

Data from the observations are still being processed,

and we hope to be able to communicate the results in the ,o

near future. J#

Conclusion

The construction and start-up and operation of the

This effect cannot

of the shower spectrum.

During

December. 1958

Fi, 8. Frequency variation of #howerJ
C ,_3; i. O) and C _'6; i. O) variation of

la_uuzeo p, at observation point.
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port ,and assistance were

given by G. T. Zatsepin,
Yu. G. Shafer and L. I.

Dorm:m. The following

contributed a great deal

in designing the circuits

and assembling the equip-

ment: A. V. Yarygin, V.

V. Kotk n, V. A. Belo-

apparatus for observing variations in the frequency of extensive atmospheric showers are the

result of the efforts of a considerable number of people.

A large part in

building the apparatus /,8 I
was played by the over-
all support, advice and /,6

personal particil)ation d - . '" ""

¢0 x - .

,-'>. _a IZ - / " T '

08[ L

10_ /0° I0i

Fig. 9. C(n, _ )calc. and C(n. _ )exper,; X - denotes calculated vahlea, datm

of reference IZ4J; 0- from data of reference [2, 211.

mestnykh, N. N. Yefimov,

M. A. Nifontov, V. A. Orlov, anti B. 8. Nedzvedskiy.

In proeessing the observation material great assistance was rendered by F. K. Sham-

sut.dinova and T. F. Panfilova. I take this opportunity of thanking all those concerned.

Observed Deviatiom from mean frequency of C (3, l. 0) without correction

II

C(3:l.O) Same, corrected for barometric effect.

C8

o

m -_,2.

_ ez

_8

Local time, houri.

Fig. 10. Dturiaal variation of exter_lve atmatpherlc sho,aer frequency

with N = 2.10_ particle*.
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A. A. Danilov, S. N. Druzhinin, I. N. Kapustin, and G. V. Skripin

COUNTER TELESCOPE FOR MEASURING HARD COMPONENT OF COSMIC RAYS UNDER-

GROUND

In order to improve the reliability and accuracy of data from continuous observations of the

intensity of the _ -meson component in cosmic rays at a level of 60 m w.e., the Yakutsk cosmic

ray laboratory added two identical countcr telescopes to the existing equipment at the beginning

of 1958. Thus the recording statistics for cosmic ray intensity at this level, compared with

previous years, were increased by a [actor of 1.7. This improves chances of detecting small

periodic and non-periodic variations in cosmic-ray intensity at the given depth, and provides

further opportunity for checking the operation of individual installations.

The experience in operating the installations described earlier [I,2], and techniques since

developed have made itpossible, when designing the new installation to take a number of steps

to increase the stability and efficiency.

Among the steps are the following:

1) the addition of quench circuits prolonging the

life of the counters;

2) automatic control of the stability of the high

voltage for feeding the counters;

3) improvement of the parameters of the radio-

circuit for triple coincidence selection using semi-

conductor devices ;

4) exclusion of the end effect in the GS-60 coun-

ters.

The latter fact makes it possible to take into
account the possible contribution of the end effect

to various variations in cosmic-ray intensity (by

comparing data obtained with the new and old

installations). The given installation was mounted

on a "cube telescope" manufactured by the Fiz-
pribor Plant. This article describes the blocks and

units which were either completely or partially
altered; a description of the blocks and units which

were left unchanged can be found in [2]. A block

diagram of the installation is shown in Figure 1.

Fig. 1. Bloc.k diagram of counter telescope; i -
Geiger-MuLler counter unitS; 2 - quench circulls;
3 - u'ipple coincidence radio circuit; 4 - signal
amplifier; 5 - scaling cell; 6 - cathode repeater; 7 -
scaling cells; 8 - output device; 9 - mechanical
counter; 10 - hi,h-voltage rectifier; 11 - mortttor
counter unit; 12 - eontxol and slgnallingUntt; 13 -
register; 14 - 60 m mulflconcectot eable.

Counter telescope

The eounter telescope (Figure 2) consists of three identical blocks of GS-60 working counters

placed in three rows in a welded steel, parallelipiped-shaped casing. There is a 10-cm lead
screen consisting of 64 lead plates 200 X 100 X 50 mm 3 between the second and third counter
blocks.

The counter blocks are placed underneath each other in the telescope stand. The distance

from the upper cradle to the lower one is 34 em. Each block contains 11 GS-60 counters, 9 of

which are in one plane and form a telescopic array more or less square in shape and 540 X 550

mm 2 in area. There are two other counters along the edges of these nine counters for exclusion

of the end effect.
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The principal characteristics of
the installation are as follows:

1. Cosmic-ray intensity is re-

corded vertically and restricted by

ul,zrture angles of 120" in the north-

south plane and 125 ° in the east-west

pl ane.

2. The amount of ground above the

telescope in a vertical direction is 60

m w.e. The mean energy of the pri-

mary particles recorded by the instru-
ment is about 450 Bey.

3. The mean hourly number of

readings for two telescopes is 9400

pulse/hour. The statistical accuracy
of the measurements over one hour is

1.4%.

4. The dircctivity pattern ex-

pressing the intensity of the particles
measured by this apparatus as a

function of the angle of their direction

of motion with the vertical is given in

Figure 3.

High-voltage rectifier block

The high-voltage rectifier, which

is part of the "cube telescope" [2], did

not work reliably. There were periodic

oscillations in the high voltage on ac-
count of insufficient filtration and

lagging of the pulses. Hence the first

four stages of the rectifier were

altered, as shown in Figure 4. The

Fig. 2. Geometx)" of counu r telescope. 1 - side view of counter tel_-
scope in undergTound pamag*:; 2 - section of shaft; 3 - view of shaft from
above; 4 - view of counter 1:lescopes in passage f_om above; 5 - counteB
used to exclude and effect; ; - welded frame fo_ cOUnter units; 7 - lead
screen.

fifth and sixth stages were left unchanged. Pulses from the m)nitoring counter are fed to the

amplifier input. When amplified they pass onto the delay circuit R5C 2 composed of half a
6Kh2P tube. The time constant is 900 microseconds. The capacitor C 2 is selected in such a

way that during the impulse it manages to charge up to the amlditude value and discharge much
more slowly through R 5.

- _ + 300V
• 1/28mP.[G3::,_,

x: L1 _ _o,J'
• _- o° '-,.1--"-] _ :.',,...... ,,'_._,_ i,;,:

_1.... "*'L2 *, _-I _-_-1000v

' ' _'_i....I'" _I -If_I±
16V

,L Fig. 4. Input arrangement for high voltas_ rectifier.

Fig, :3. Radiation pattern.

The pulse, elongated by the first pu_se stretcher, is ampl fled by the cathode repeater (half

L 1, R4) and fed to the second stretcher (1/2 L2,RT, Rs,C4) , tie time constant of which is 300

microseconds. The capacitor C4 is also charged up to the am )litude value.

F
6

7
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7

The two pulse stretchers used in series in the circuit made it possible to obtain a voltage at

the condenser C 4 which is solely a function of the pulse amplitude and not a function of their fro-

,J

I

, , , _ ,_ _,,_.

?

quency. The voltage, smoothed out by the filter

R7C5 is then fed to the voltage divider tube L 3.
The second half of this tube receives a rectified

negative voltage {-1000 volts) from the generator

th rough the divider RoR10R 11R21.
The voltage passes from the divider L 3 to

the generator screen grid. Thus, the high
voltage generator is controlled along two channels
by the screen grid. When the amplitude of the
monitoring counter pulse varies, the voltage
fed to the generator grid does as well. This
causes a variation in the voltage at the generator
output; the output voltage varies in such a way
that the pulse amplitude remains constant in all
the counters. The application of this circuit
halted periodic variation ('noreathing") of the

high voltage.
The circuit is stable during variation in the

supply voltage to the anode within 40% and to the
filament within 20%.

Quench circuit and triple-coincidence selection

,d

k

The quench circuit is intended to increase
the life of the counters. Experience showed that
the quench circuits in the "cube telescope" in-
stallation [3] do not meet the requirements of

continuous recording; they are unstable, they
often oscillate, and the quench factor is too
small for practical purposes. Hence we chose

one of the tested quench circuits worked out by
A. V. Yarygin [4].

Having made some small alterations to his
version, we produced the quench circuit shown
in Figure 5. It has the following characteristics:

1) quench pulse 250 volts; 2)duration 10
microseconds; 3) rise time 1 microsecond; 4)
the counter life is 3-5 times as long. The triple
coincidence selection circuit contains P6V

transistors connected on Rossi's principle. The
voltage at the load R varies whenever positive
pulses with an amplitude 2 to 10 v and a duration

of at least 1.5 microsec are impressed upon all
three transistor bases simultaneously. The
circuit functions reliably and is not sensitive to
the supply voltage within 15%.

Recording apparatus

The tripe-coincidence pulses as well as those

from the single background channels are amplified,
scaled to two in the scaling circuits and fed to the

cathode repeaters. The triple coincidence and single-chmmel output pulses taken from the cathode
repeater are fed 60 m along the cable. Practice in operating the PK-1000T showed that it worked

unreliably (blurred picture, pulses skip the next triggers in turn). We therefore assembled the
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triple-coincidence channels in a separate scale unit, leaving it _t the same time as a duplicate for

the PK-1000T.

The output scaling block consists of two scaling tubes L6L 7 and an output tube L 8 (Figure 5).

A mechanical register is attached to the anode circuit of L 8.

The front panel of the recording device is fitted with four PK-1000T scaling circuits which

record signals from the single cha_mcls and triple coincidences after scaling by two for each

telescopc separately, two mechanical triple-coincidence counte:'s after scaling by 8, about 80

small-size mechanical counter: which record readings from the neutron monitor, underground

units and extensive atmospheric shower units. The recording a)paratus also includes a RSK-1G

reversible counter which is coupled to the flare recording circuit. The RSK-1G counter is

joined by one input to the local pulse generator while the other i _put is attached to the triple

coincidences of the g]'ound-lcvel telescopic unit. The RSK-1G i3 not photographed.
A FR-2 photorecorder photographs the front panel every 15 minutes. The PK-1000T reading_

are taken every two hours in the case of the triple coincidences, every 15 minutes in the case of

the single-counter monitor and every hour in the case of the RSK-1G. In case of a sharp in-

crease in cosmic ray intensity (10_,_), the frequency of the photographing is increased auto-

matically. The recording of a burst of activity does not disturb the normal functioning of the
recorder.

The above described apparatus has been working since February 1, 1958, and recorded data

are being sent to a world center under the IGY agreement.
The efficiency of the installations can be seen from the following data for operation from

February 1 - December 31, 1958.

Causes of interruption in opetatinn of
Imtallation

Through the fault of servicing personnel ..
Malfunction in main power supply

Precautionary measutcs...
Break-down of appazatm...

TOTAl..

Stopp, ge time as
% oft )'_al oper-
atlng ime

3,0

t,5
t,0
2.5

a,6

It will be clear from these data that given good organizatioh of the operation of the instal_-

tion, stoppages can be reduced to 3.5% of the entire operating t'me.

We should point out in conclusion that all work on designin_, assembling and adjusting the

installation was carried out under the guidance of A. I. Kuz'mfi_, to whom the authors of the

article wish to express their appreciation.
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S.V. Makarov

SOMECOUNTERTELESCOPECALCULATIONS.ILLUMINA_ONOFVER_CALTELE-

SCOPE

TheparallelcpipcdA1BtC1D1A2B2C2D2isaschematicrepresentationofatelescopeaimed
atthezenith(Figurc1). ThebasesAIBIC1D1andA2B2C2D2consistofcosmicrayparticlede-
tectorsandrepresentthetelescope'ssensitiveplanes.Letusadoptthefollowingdesignations:
T is theverticalcountertelescopeA1B1C1DLA2B2C2D2,a is
A1B1,b isA1D1, 1isA1A2,Pl is thebaseA1B1C1D1,andP2
is thebaseA2B2C2D2.

ThetelescopeTworksonthebasisofcoincidences;the
ionizingparticleis recordedbythetelescopeif, and_ if, it
passesthroughbothP2andPl"

Theangulardistributionofthetotalionizingcomponentin
thecosmicraysis givenintheform

J = (0, A) = Jocose0, (1t

where 0 is the zenith ,angle, A is the azimuth, j(0A) is the in-

tensity in the direction (0,A), i.e., the number of particles in

the direction (e, A) in a unit of solid angle per unit area normal

to the direction (0 , A) per unit of time (cm -2 • sec -I • ster-l);

_ _ _'-- .... G

a s,

Fig. 1. Vertical counter tele-
scope

Jo is the verticl_' intensity; y is the ,angular distribution pararr_eter which mainly depends on the

thickness h of the layer of matter expressed in meters of water equivalent which the particle can

pass through prior to being recorded. On the basis of numerous experiments it can be taken

(see, for example, [1,2])that

0 -_:_ _ 4. (2)

Let us solve the following problem. [low many particles will the telescope T record in a unit

of time if the angular distribution of the intensity takes the form of (1) ?

Let us introduce the coordinate systems XlYlZl and x2Y2Z 2 (Figure 2). The axes zI and z 2

coincide both with each other and with the edge AIA2, and are parallel to the vertical. Let us

separate out in the plane Pl the elementary area

dS, = da'_ • dy,,

and in the plane'P2 the area

dS, = dr, . dy,.

It follows from (1) that the number of particles dN passing through dS 1 and dS 2 per unit of
time can be expressed by the formula

it+, • dSl • dSI
dN = J. • (3)

I_. + (,.-- ,.). + (,. -- ,0.1( '+_ )

Consequently, the entire telescope will record per unit of time N particles:
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a a b b l I_rv . dzl dzl . dyl dys -_.

o c o o [ll + (zj_ zi)s _F (ys _ yl)Sj_ s)

.aalb ' _ dz I dz, dyl dYs

oooo [1 _-altzs--:rl)l+ _S(ys--Vt)'[

(4)

where

Let us substitute the variables

a b
_:l-' _=T'

$2 -- XI _ Ul, '/"

3" s _ Vl_

y_--y_:us.

_2 _ PS J,

Then (4) is easily transformed into
I 1

h' = J0 r4o,b, ( (
--W-- j j

The expression

(5)

(6)

(' -_)(_ - Y) dxdg. (7)

o 0 (l + a'x'+ _'y,) s+m

| I

L--4a7_2 it (i--z)(|--_/)--),- . dxd_

°(l _ a'x= t IBis) s+_-

(8)

will be termed the illumination of the telescope T.

Let us rewrite (7) in the form
?¢ - J0 L. (9)

The equa]ity (9) can be regarded as the definition of illumi ration for a telescope of arbitrary

configuration. If a, b, 1, and ? are known, the values of N cm_ be found by using one of the

iterated quadrature formulae (for example, SLmpson's 2-dimensional formula [3]).

Inverse problem. It is intended to use equation (9) to solw.'

the inverse problem, i.e., to find Jo and 7 from measuremenL

of the N 1 and N 2 with two vertical telescopes.

At a certain level h let there be two vertical telescopes T 1

and T 2 with the dimensions a 1, b 1, 11 and a2, b2, 12 . For T 1
we have the relationship

L, = L_ (_) (I0)

and for T 2 a similar relationship

L, = L=(7). (II)

Let us assume that L l (7) and L 2 ( 7 ) are tabulated for T c

(0.4). We can then write the following set .ofequations on the

basis of (7).

N, = J, (h) • L, IT (h)],

N, = Jo(h) •/._17 (h)]. (i2)

or/ :-'r'"'/ 15,

a ,I t

Fig. 2. Co_dlnate rf_,_rm.

The values N 1 and N 2 are measured with the telescopes T 1 sac T 2. We are required to find Jo
and 7. It follows from (12)

L, (T_ l's (13)
/_(_) = t'. "

Let us define

Nt
_v--7= e. (i4)

Finally we have



L, (_) = q t., (7). (t5)

The factor q is known from observations. Provided L 1 (7) and L 2 (7) are tabulated, (15)

can easily be solved with respect to 7 • Knowing v, we find Jo from equation (12).

In this way we fi:d 7 (h) and Jo (h) from data from two stationary installations at the level h
on the ground or beneath it. The use of this method for investigations m the atmosphere is also

possible. If two radiosounding balloons are sent up into the atmosphere at the same time,

carrying counter telescopes differing in geometrical parameters, it is possible in principle to

obtain 700 and Jo (h) for the entire section of the atmosphere, right up to the sounding ceiling.

Admittedly, in this ease it would be difficult to ensure sufficient accuracy in the result on ac-
count of the balloons rocking during the ascent.

Similar problems c.'ua be solved for telescopes of .any shape .and orientation.

Example of numcric,'d culculation. Directivity pattern of counter telescope.

Figure 3 shows a schematic representation of the counter telescope at the Cosmic Ray

Laboratory of the Yakutsk Branch of the Siberian Division of the Academy of Sciences at the bot-

tom of a shaft 20 m deep.

The planes PlP2 and P3 consist of counters. The telescope works on triple coincidences, i.

e., the ionizing particle is recorded by the telescope only if it passes through all three sensitive

planes Pl, P2 and P3.
We are given the angular distribution function (1). The telescope is pointed towards the

zenith, and, consequently, the planes Pl, P2, and P3 are perpendicular to the vertical.
We are required to calculate the telescope's directivity pattern, i.e.,

,_v ,i ,: (16)
b ((J' A) ,i,,, _k tj _m _,t'.:l '

where b (0_A) is the density of the cosmic particle stream referred to a unit of solid angle da_
in the direction (0,A).

Using (1), we find the number of particles dN going in the direction (0,A) and recorded by
the telescope :

dN--J(O,- A)cos0.d,o.5(0. A) :J_,,-,),_0._in0.d0.dA.5'i0,A) (t7).

where S (0 ,A) is the part of the phme Pl illuminated by those cosmic rays moving in the direction
( 0, A) and providing triple coincidences.

The exact meaning of S (0 ,A) will become clear after consideration of the following geo-
metrical problem.

Let us remove the planes P2 and P3 from the counter
installation depicted in Figure 3. Let the figure thus obtained

be illuminated by a parallel pencil of light, the direction of

which is given by the angular coordinates 0 , A. We are re-

quired to determine the area of the illuminated part of the plane

Pl" The unknown area is equal to S( 0, A) in the right hand
side of (17). The numerical value of S( 0, A) can be found

using a geometrical construction, the description of which will

be left out on account of its simplicity.

From (16) and (17) it follows that

The proposed method of calculating the directivity pattern
{b (0, A)} could naturally be called the "light-spot method",

since we have used the analogy of a spot of light.

Ps ,3

/] - ,

p,

Fig. 3. Schernattcdxawtng of tele-
scope set up in shaft.

The table {b, (0,A)} can be used to calculate the effective screen of the installation from the
formula

I
fl (0, ,)_.,0 bl0,.l)d0_.l, (t9)T=,_ r

where r (0, A) is the p_th (in meters of water equivalent) traversed by the particle prior to
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being recorded. By making a numerical integration, we can find the illumination L of the given

installation (Figure 3) from the direction pattern.

"' (20)
L j_ .

Conclusion

The term "illumination of a counter telescope" has been suggested byA. I. Kuz'min, a

junior staff member of tileCosmic Ray Laboratory attached to th,_ Yakutsk Branch of the

Sibcrim_ Division of the Academy of Sciences. All the computatk ns which we have discussed in

this article were made on his advice. A. P. Shapiro, a teacher at the Yakutsk State University,

has pointed out the advisibility of the transformation (6). This article was written at the sug-

gestion of the Scientific Council of the Cosmic Ray Laboratory.
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B.S.Shalamov

PLOTTING AN IDEALIZED VOLT-AMPERE CHARACTERISTIC FOR A TWO-TERMINAL

NETWORK CONTAINING A POINT-CONTACT TRANSISTOR WITH ALLOWANCE FOR

THE TEMPERATURE EFFECT

F

6

7

On the basis of static output characteristics of a point-contact transistor obtained at

temperatures of 0, 20 and 50 ° C, we analytically calculate and plot the volt-ampere characteristic

of a circuit containing a unit with a.Lt

negative dynamic resistance. The

conductivity of the electronic

semiconductors is highly dependent

on temperature: _V

where AE is the activation energy
of the current carriers in clcctron

volts, T is the temperature in ab-

solute deg-recs, and k = 1.38. 10 -16

erg/dcg is the Boltzmann constant.
A variation of several tens of

deg-recs in the temperature of a

semiconductor considerably alters

nb :*-=-

?
a b

Fig. 1. a - two-terminal netwotk Including point-contact tzamJatoz; b -

lrt equivaMnt circuit..

its electric characteristics. Hence, when calculating circuits containing transistors, we must

definitely take the temperature effect into account. It has been given on many occasions for

amplifying circuits using junction transistors, but for pulse circuits the problem has not been

investigated sufficiently fully as yet.
Figure la shows a conventiomtl two-terminal circuit with input to the transistor emitter. In

[1] the volt-ampere characteristic u c = f(ie) is plotted graphically for this circuit, and a true
volt-ampcre characteristic is obtained as a result, i.e., the method does not necessitate any

assumptions. But it is laborious to plot. For engineering purposes satisfactory accuracy is

provided by an.analytically calculated idealized volt-ampere characteristic. Hence, in our case
we use an idealized characteristic to evaluate the temperature effect.

Setting up a Kirehoff equation, we have from Fig. lb

u e =::_,(r, i rb + ltb_ t- i_(rb: ]_b I, (|)

- 1'.. = i.(r b : It b : ztr.,)-i l,,(r b i r,, a ]tb4-R.). (2)

From which we can obtain an analytical expression for the volt-ampere characteristic

r (ll'b4- r b) Kit
, (ltb i rbl[lt,, ' T(I -a)l[ i, (3)

u, = r,. -_ - It b • r b T It..r i-- J Itb--rb-L H.+r.

The characteristic is shown in Figure 2. In a normally functioning circuit the currents and

voltages vary over a wide range. To plot the characteristic we clearly only need to know the

coordinates of the bendIng points for the cut-off areas, active area and saturation area. Taking

into account the parameters in these three areas, we obtain
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Fig. 2. Volt-ampere chazacteris_ic ur = f (i_).

It b

I': _, O. u¢ I¢b _ /¢,_ + ,,_ I''_; (4)

/',, Rt(i --a)

¢?: ,,,_ _,_b_,----% , ., = .._b _ P,,)--% : ('_

I:,/¢ b

S: /, , _.... I_b!: /t,," (_

When the surrounding temperature varies, the two paramete] s of the point contact transistor
r k and c_ vary to the greatest extent.

As can be seen from expressions (4), (5) and (6), these paraz_eters are part of the formulae
for calculating the volt-ampere characteristic r and r b also vary but we shall not take them
into account since they do not come into the calculation. To plot _he volt-ampere characteristic
of the two-terminal network all we need is a set of static output characteristics for the transistor.
Figure 3 shows the output characteristics of a S1G point-contact t:'ansistor obtained with the use
of the described graph [2] for temperatures of 0, 20 and 50 ° C.

The sequence for plotting ue = f(ie) is as follows: we select E k.
Usually E k = (1.5 + 2) Vk, where V k is the pulse amplitude. .ks shown in Figure 3, the

load line should pass through the points E k and A. The resistanc( of the collector junction to
direct current is v.

I N

To find _, we must extend the load line into the area where Ie f O.
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Fig. 3, Output charact_tistics of SIG triode taken at t = 50°C.
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n _fl_

n

We calculate r, and a at To, T2, and T3, and
for each T we _znd the bend_mg point coordinates.

From this data we plot an idealized volt-

ampere characteristic taking temperature into

accotmt. In Figure 2 the shaded area represents

the shift in the volt-ampere characteristic

during variation in temperature.

The effect of the temperature on the shape of

the volt-ampere curve can conveniently be

studied with an oscillograph circuit. A practical

circuit for this is given in Figure 4.

In conclusion I would like to express my ap-

preciation to Yu. G. Sharer for his assistance

in carrying out this research.
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Section II

PART PLAYED BY METEOROLOGICAL FACTORS IN VAEIATIONS IN DIFFERENT COSMIC

RAY COMPONENTS

L. I. Dorman

CALCULATION OF TEMPERATURE EFFECT OF COSMIC RAYS FROM ISOBAR SURFACE

HEIGHTS

At the present time the Soviet Cosmic Ray station network is calculating the temperature
effect from the formula (see [1], chapter 5)

,'c'_v! Wt(h);'TI/'_db. (1)
o

where 6 N/N is the variation in cosmic ray intensity reduced to the constant pressure, ho, WT(h )
is the density of the temperature coefficient, and _ T(h) is the *ariation in temperature at cor-
responding isobar levels. This method has been recommended at the present time by the
Cosmic Ray Working Group of the Special Committee for the Inlarnational Geophysical Year as
one of the main ways of calculating temperature corrections, l'evertheless, many world
stations do not send in their meteorological data in the form of L temperature cross section for
the basic isobars, as required for this method, but rather in the; form of the heights of different
isobars, as required for Duperier's method [2] (which is inaccurate, as shown in [3]). Here we
would like to show how these meteorological data can be used for our method. Their use also
makes it possible to exclude radiation errors.

The height H of the isobaric surface with a pressure h is
J.

dl,H = pp,) , (2_

where p (h') is the air density at the level h'. The variation in :his height is
I., j,

in which it is taken into account that p(h) = h/RT. Differentiat:ng expression (3) with respect to
h, we find

lrl

-- -_ 6T (h). (41

from which

h a'_H

_T (h) = -- -_-.

Substituting expression (5) into Formula (1) we obtain:

I, e'l _ h dl_ l l

0

The integral in the right hand side of (6) w_ll be integrated by paris:

(5)

(6)

F
6
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_N hW T(h)_lt h. _, .

n u

Here the first term becomes zero (provided Wt(O ) _H(O) < oo), and we will represent the

second term in the form of a sum, breaking down the area of pressures 0 - ho into n intervals

h i : ho .... hn+ 1,0: . ,',,

'7_v =\,_ I _n lll.r(h)+h B,r(h)jSItdh. (8)

i lhi__ L

If h i - h; .. is sufficiently small, by placing 6H i + 1/2 lying between _H i and _ H i + 1before• t .'r J.
the mtegTal sign, we obtain

-_ : _ ---k--- f I_t_ (/,) _ hLV'T(h)ldh =
i=l , /'t+l

n hi hi h,I

n n

= Y,_ Ih,,, (h,)- h,+,w_ (h,+,)l= _ _,+,,,aH,+,,,, (9)
i_I l"l

whe re

S iiqW t (tq)-- hi+l WT (_+l)l- (i0)x_)', _

From (10) it is clear that if
a

)lrth)- h ' (iD

where a is a constant, then all "i+ 1/2 : 0. It is easy to see that if (11) is the case, the second

term in the right hand part of expression (7) identically becomes zero. For practical purposes

the state of the atmosphere is determined from the level h o to a level'h at a height still within
reach of the radiosondes. Then, if (11) is satisfied, we obtain from (7)

_,_" at, t/ (It)

:_.... _¢ ..... i_8tl (i,). (t2)

where /_ : a/R is the "decay" coefficient found by Duperier [2]. It is clear from.this (as pointed

out in ]3]) that the method of calculating the temperature effect from Formula 912) is only valid

if expression (11) is chosen as WT(h ) which generally speaking is untrue.

If WT(h ) found from anal),sis of generation and propogation of the _-meson component

through the atmosphere differs substantially from (11), then Formula (12) is not valid and the
following formula should be used

_N Y_)Vr (7,) _H (f_) -F _ x_+,/,MI_+,/,, (13)N _ B

where *i + 1/2 is determined by expression (10), and the layer from h^ - h is divided into n

intervals (here we ignore the effect of the layer from_ - 0). The results of calculation of WT(h)
are given in [1] for different recordings. If h is measured in atmospheres and WT(h ) is measured

in %/atm. °C., then R = 0.029 km/°C. The values_WT(h)/R and *i+ 1/2 will be in %/km (the
values of _ H are measured in kin).

The factors _WT(_)/R and *i + 1/2 can easily be eaJculated from known WT(h ) for any case
of recording and any break-down of the atmosphere. An example of this calculation is given in
Table I (where it is assumed that'h = 0.05).

It should be pointed out that use of Formula (23) is of a certain advantage over the error

calculation in [4]. First of all, according to (3), the differences in height variation determine

certain effective temperatures of layers, whereas in [4] use is made of the temperature of certain

levels measured, naturally enough, less accurately. Second, ff a H i is measured by some other

independent means rather than temperature cross-section, Formula (13) makes it possible to

avoid errors involved in radiation heating of the temperature pick-ups in the sondes, which is
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Table 1. Values of factors (in %/kin) for isobaric level of l:eight corrections form Formula

(1_ for screened ionization chamber at the sea level.

mO.N N0,_ _0,45 Ko 36 _0,%i _0,17| X0. LIJl" x _,081 x0.0ql R

particula _ly important when excluding the meteorological effect of the upper layers of the at-
mosphere, where these errors are usuMly very large and make it very difficult to study many

types of ccwmic ray variation (solar-diurnal, sidereal-diurnal, a.nd so on).
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METEOROLOGICAL EFFECTS OF COSMIC RAYS AT DEPTHS OF LESS THAN 100 m w.e.

UNDERGROUND
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The study of the meteorological effects of the cosmic ray intensity underground makes it

possible to obtain information on the competitive processes of absorption and decay of particles

generating la-mesons, on the number of i_-mesons generated by particles differing from

-mesons, on the dynamics of the meteorological state of the lower stratosphere, and on the

part played by radiation effects in measuring the atmospherets temperature. Evaluation and

calculation of these effects are also needed for study of time variations in cosmic-ray intensity

which can provide important information on cosmic rays from the cosmological point of view.

The meteorological effects of cosmic-ray intensity I underground have been studied to some

extent [1-4]. One such publication [2] relates to a depth of 60 m w.e., while the rest deal with

depths greater than 800 m w.e. This article concerns meteorological effects of cosmic rays at
depths of 7, 20 and 60 m w.e.

In 1957, using standard counter apparatus [7] synchronous measurements [6] of I were begun

at three levels, 7, 20 and 60 m w.e., below ground, in addition to measurements on the earth's

surface itself, in order to obtain information on the energy characteristics of the variations in

I and to test the theory of them [5]. The radio engineering installations [7] at 7 and 20 m w.e.,

were augmented with quench circuits [8,9], and at 60 m w.e., two extra standard semi-cube
telescopes were put into operation [9].

As initial material for consideration of the meteorological effects of I we took the mean

daffy values of cosmic ray intensity at each level and the corresponding barometric pressures
and free atmosphere temperatures.

The latter information is supplied by the Yakutsk Meteorological Service. The mean diurnal

_l, , where I i is the intensity over the i-th hour. InI are taken as the mean two-hourly values 12

the installations which have duplicating channels, I i designates the sum of the readings for the i~th

hour. For instance, for the 20 m w.e. level I i =I_+IZi, and for 60 m w.e. I i= Ii 1 +I, 2 +
Ii ° + Ii'*, where the superscripts 1, 2, 3 and 4 show the number of the duplicating units'.

The mean diurnal statistical accuracy of the measurement of I on the earthls surface and at

7, 20 and 60 m w.e. is equal to 0.07, 0.09, 0.10 and 0.14%, respectively. This accuracy is suf-

ficient to obtain reliable results at all levels Io

When compiling correlation equations to segregate the barometric temperature effects, we

discarded cases of possible systematic variations which were not due to temperature or baro-
metric effects.

In particular, we discarded cases of effective magnetic storms and took steps to exclude

long-periodic variations in I which might accidentally correlate with meteorological factors.

In investigating meteorological factors, it is important to take proper account of the dis-

tributed temperature effect of the free atmosphere, which in the case of an actual non-equilibrium

atmosphere, as shown by Feynberg [10], cannot be reduced to the concept of a single-
temperature effect.

Later on, this probelm was considered by Dorman for the case of a "two-meson" system of

hard component generation in a series of studies, the chief results of which are given in his
monograph [5].

In considering the theory of the meteorological effect of the hard component in cosmic rays,



and from then on used them to compile correlation

equations. The mean diurnal values of S N_t /N_

were calculated from three daily sets of data ob-

tained by readings in Yakutsk at 0206 hours, 0806

hours, and 2006 hours, local time.

The _N_/.V_ = I W (h) _T 8h was calculated up
Q

to a height h = 50 mb. The mean daily barometric

pressure was calculated from hourly barograph

readings
1

For this study we used observational data ob-
tained from Dec. 1, 1957 to October 30, 1958.

Evaluation of meteorological effects of I underground

is carried out by examining the variation in the

V. Dorman [5] proceeded from the conventional view that the _ -meson component is generated

by _ -mesons throughout the atmosphere on the basis of a law c )rresponding to the law of ab-

sorption of _ -meson generating components. The conclusions "rom this theory, just as those

from the singlc meson theory [10], c:m be sho_n in the form
h,
¢

= ,%_J,o÷ _W(/,)_th)dh. (t)
o

Itere B o is the barometric factor, W(h) is the temperature coeflicient density characterizing the
role played by different atmospheric layers in causing the temp_,rature effect. In this formula

W(h) = wTr(h) + W_ (h), where W_'(h) is the positive temperature effect due to the competition

between decay and absorption of r -mesons, while W _(h) is the negative temperature effect due

to the decay of ,_-mesons.
Fi_-,q_re 1 shows the densities of the temperature effect W(h) which we calculated for our ex-

perimental recordings of _-mesons by approximate formulae which provide, according to Dor-

man [11], sufficient accuracy when observing at sea level and to a certain depth underground.

It is clear from Figure 1 that the negative _ -meson effect reclines sharply with depth (it is

approximately inversely proportional to the depth}, whereas the positive temperature effect

increases, and is predominant at 60 m w.e. These calculations tally closely with Dorman's [5]

for other recording depths (25, 55, 150, 300, 550, and 100 m we.).

Using these curves we calculated the expected temperature effects $ N_/N_ for each depth,

' • atni

o,e

OA, la-g,! _ / 7_ 6J

-_$

Fig. 1. Total demity of temperature coefficient for
number of coincidences N as a function of the semi-cubic t.'l_scope on earth's surface and at 7, 20

and 60 m w.¢, underground.
eahnge in the barometric pressure h and the tem-
perature at the observation point. Instead of the temperature o! a particular layer, we take the

expected effect calculated by Formula (1).

It is assumed that the variations can be described by the eq ration

[-7_ _(_,_)+_(w-W), (2)

where I, h and W are the mean diurn'J.l _-meson intensities at t m given depth, the barometric
pressure of the earth's surface and the expected intensity, resp ;ctively, while I, h and W are the

corresponding mean values over the period under consideration.

The table gives the results of the calculation, The followin ,_ symbols are used:

rlptw _ -- I_ the partiM correlation factor between intensity and barome_ic pre_uro p for comtam W.

r_(v) -- Is the partial correlation factor of the lnmmi_ I and W ,t fm comtaat'p.

iS -- I$ the barometric factor determined experimentally.
Ar -- Is the mean t_axe error for the correlation factor

A_ -- Is the mean _quare error for the regression factor

_ 1/"i-_ /
ka_ = _--°_-_ _:_5/'
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' co.e °oonr..o
! -- t_v ¢

'T -- Is the exponent in the _t -m_on integral spectrum.

Furthermore, the table gives the theoretical barometric factor o h. for all recording levels
and is calculated from an approximate formula [5].

0 (3)

b_(_o)X, [$(l_). /G{Lx), _(Lr)] i I /
! u

The first item describes the absorption effect (_ a_, and the second describes the _-meson
decay effect (c__). In this fo_'mula we h'tve ignorett the term describing the generation effect. It

[) •

is extremely small at sea level and tmdcrground [5].

In Fo, mula (3) x = cos O, where O is the zenith angle, b_ is a parameter depending on the

experimental conditions and properties of the u-mesons, % {S(Lz), _(L.r)] is a function of the

-meson energy spectrum and parameters X (Lx) and S(Lx) depending on the experimental con-

ditions and _ -meson properties, _ (._¢(L_), Ko(Lz)I _(Lz)] is a function depending on the _-meson

spectrum and the parameters 5(Lx), _(Lz) and K(Lx), h o is the observation level pressure, L is
the path of the meson-generating component, and AE is the minimum effective screen.

The calculations shown in the table demon-

strate that the barometric factor must decrease

as the observation depth increases, and that at

60 m w.e. it must be less than at sea level by a

factor of approximately 4.

It should he pointed out that the quantitative

ratio between the absorption and decay effects

also varies extremely rapidly with depth. For

instance, while at sea level the decay effect is

approximately three tires greater than the ab-

sorption effect, at 7 m w.e. the decay effect is

approximately half the other, smaller by a

factor of 4 at 20 m w.e. and by a factor of 10

at 60 m w.e. This relationship between the ef-

fects hardly depends on the exponent of the

la -meson spectrum when n varies from 2 to

3. Thus, it can be said that the barometric

effect at 60 m w.e. is almost entirely due to
absorption.

Comparison of the theoretical barometric

factors with mean experimental values show

that they tally closely. They tally best of all
when the integral _-meson spectrum is

at sea level .......... 1.3

at 7 m w.e ........... 1.45

at 20 m w.e ........... 1.7

at 60 m w.e ........... 2

_t#__/t o,,
z;:."Z,"\ z _

zT.t _ __"

#a-"w----- _ ....

zT..

i i i i

Fig. 2. Seasonal varlarAom in intensity of hard component
in cosmic rays at Yakutak from 1957 to 1958. 1, 2, 3, & 4 -
hard component measured with semi-cubic telescope on
earth'ssurfaceand atq, 20 and 60 m w.e.. respectively,
underground.

These effective values of the exponent in the energy spectrum accord well with the exponents

determined for each of the installations from the intensity-depth relationship [11].

Apart from the mean correlation and regression factors determined from a great deal of

observation material, the table gives values from a brief observation period. The breakdown

into short periods was made to avoid the effect of possible random systematic deviations of the
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measured I due to re-

placement of the counters,

and also to avoid long

periodic oscillations in I

which might accidentally
correlate with meteoro-

logical factors.

Comparison of
barometric factors deter-

mined from short observa-

tion periods shows that the
barometric factor is not a

function of the season.

This also accords with the

theory [5].
The partial correla-

tion factors Ijw(p ) are
comparatively sr_all; this

is evidently due to the
fact that in view of the

short processing periods
a large part is played by
statistical errors and ef-

fects of non-atmospheric

origin (magnetic storms),
which cannot be completely
avoided.

Taking these facts in-

to account, it can be seen

that the data given here on

the temperature effect of

cosmic rays fit in with
theoretical views of the
nature of the effect.

The validity as a
first approximation of the

temperature effect density
curves used (see Figure 1)
can be checked from data
for the seasonal effect of

cosmic rays.
Figure 2 shows

curves for the seasonal in-

tensity of cosmic rays I on
the earth's surface and at

60 m w.e., corrected for
barometric effect, and the
expected seasonal varia-

tions N calculated by means
of the curves in Figure 1.

It is clear from Figure
2 that the seasonal variations 5 1 at a depth of 60 m w.e. are less than on the surface, while the

maximum time shifts from winter to spring months. This shift in the seasonal variation tallies

with a shift in the maximum temperature of the upper layers to th,._ spring months [12] and

qualitatively accords with the great part played by the upper atmo _pheric layers in underground
measurements.

Comparison of the expected seasonal variations 5 N due to se _sonal changes in temperatures
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in the free atmosphere with observed seasonal variations in 5 I reveals coincidence within the

limits of the accuracy of the calculation and measurements.

In this way we can speak of the semi-quantitative agreement between theory and practice.

More accurate and convincing results in testing the theory can be obtained from an analysis of

air-mass effects [13]. At the present time material for this analysis is being collected and
processed.
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D.D. Krasil'nikov

BA_tOMETRICEFFECTSOFEXTENSIVEATI_OSPHERICSHOWERS

According to the earlier theory that extensive atmospherit showers were purely electron-

photon avalanches originating through electromagnetic interaction of high-speed charged particles

and photons with matter in the atmosphere, extensive atmospheric showers with a large number

of particles should achieve their maximum development, on the average, at a greater depth in

the atmosphere than showers with a smaller number of particles. It was therefore expected
that thcrc would be a decrease in the barometric coefficient (or factor) of the shower frequencies,

(_h, with increasing number of particles in the shower near sea level (affecting the absorption of
showers in the atmosphere) [1].

Qualitatively speaking, similar behavior of c_h is expected according to the new, compara-

tively recently developed theory, which states that nuclear processes are the basis of the

development of extensive atmospheric showers [2,3]. This expectation is based on the hypothesis

that the fraction of energy transmitted to the secondary partic: es during the primary interaction

between particles of high and altrahigh energy is constant, i.e., the fraction is not a function of

the energy [4]. Admittedly, according to the nuclear-cascade theory, the barometric coefficient

¢_h may vary with the size of the shower to a lesser extent thm_ predicted according to the
electromagnetic cascade theory.

Direct measurements of the barometric effect of extensiw _. atmospheric showers [5-7], and

the closely associated behavior with various particle densities [9, 10] as a function of altitude

[8] have shown that the barometric effect is practically identical for showers of different sizes

and that the a h = -0.10 per 1 cm ttg of pressure change. The latter corresponds to a mean path

of shower absorption L = 136 g. cm -2. The practical constan _'y of a h for showers of different

sizes was explained by an assumed corresponding increase in the exponent _, in the spectrum of

primary ultrahigh energy particles, and consequently also in _ = _f/s - the exponent of the shower

spectrum with respect to the number of particles (s is the age parameter which is equal to 1.2 -

1.3 at sea level) [4]. The constancy of c_h was also used at on _ time as one of the basic facts for

substantiating the considerable part played by nuclear-cascadt processes in the development of

these showers [2].
Results of earlier recordings of temporal variations in fr _quency of showers with various

energies in Yakutsk [1954-1957] showed a tendency towards ar increase in C_h with an increase in

the shower energy [11,12]. There were substantial defects in the geometry of the experiment,

however, the errors in calculating ah were still too great bec rose of the scarsity of data. More-
over, the effect.of the variation in the exponent , in the shower spectrum (with respect to the

number of particles) on the observed value of (_h was not evall_ated.
In the Handbook [3], x is assumed to vary between 1.32 ;Lnd 1.80. The value of the ex-

ponent * in various sectors of the shower spectrum with respect to the number of particles has
been determined more precisely by recent measurement of the, differential shower spectrum near

sea level [13, 14]. The results of recent measurement of the barometric coefficient, c_h, at sea

level [15] show a possible increase in _h with an increase in tie number of particles N in the

sho we r.

Keeping in mind the present obscurity regarding the beha"ior of a h with the increase in the

number of particles N in the shower, we give below the result_ of calculation of _h for showers

with different mean N, on the basis of the new series of observations made in Yakutsk in 1958

and taking into account the variation in _.

To obtain a h we used recorded data for the variations in :_hower frequency with six different
mean particle numbers N obtained over the period January to april, 1958, using the apparatus

?

5

?
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describedearlier[16,17].
Therecordeddatatakenintoaccountwereobtainedby:
a) twolocaltriple-coincidenceinstallationswithacountergroupareaof_._1.0,_0.5and

,_-1/6 m 2, respectively;

b) six-fold coincidences, i.e., coinciding shower pulses from two local installations with

identical counter group arcas.

The layout of the counters for cases of C(3)_ 1.0 m 2)
- triple coincidences with a counter area 1.0 m c - and

C(6; 1.0 m 2) - six-fold coincidences with the same

counter area - arc given in Figures 1 and 2. The layout

of the groups of countcrs for triple and six-fold coinci-
dences for a counter area of 1/2 and 1/6 m 2 was the

same as that given in Figures 1 and 2.
The observation dnta were processed, as before

[11], by three-factor correlation analysis: the regres-
sion factors bC with respect to 6 h and 6C with respect

to 5 T wcre eMculated from the variation pl:me of the

shower frequency 5C during variations in atmospheric

pressure 6 h and temperature of the ground air layer
T at the observation point.

The results of calculation of c_ h and c_t for various

combinations of shower coincidences are given in

Table 1, where C is the shower recorded by the co-

incidence method, the first figure in parenthcscs is the

i

Fig. 1. Layout of co%ntcrs fora case of
selection C(3:1.0 m'_).

multiplicity of coincidence, the second figx_re is the area of the counter groups in parallel, A is

the anticoincidence, i.e., incidences of showers in one local installation unaccompanied by
simultaneous recordings in the other local installation with the same counter area; the fre-

quency of the latter in the given case was not recorded separately, but determined from the
frequency of other combinations:

A(3; 1.0) = C(3; 1.0)1 + C(3; 1.0)if - 2C(6; 1.0).

The data in Table 1 show the poor
correlation between variations in the

frequency of showers $¢; and the varia-

tions in the temperature of the ground
air layer ST, but, nevertheless, a

trend is detectable showing that for a

local installation, ii_i,- < i', and for the

the system of two local installations

spaced 57 m apart, ,,/ > _

[] []

[] []

_ jr

[]

Fig. 2. Layout of a group ofcoun,_eafora case ofselection
C (6; I.0 raZ).

This result" agrees qualitatively with views on the relationship between the spatial distribu-

tion function for particles in the extensive atmospheric showers and the ground temperature T of
the type cited by [18].

where R(T) is the mean square shower radius as a function of temperature T.

At the same time, as is clear from Table 1, the barometric coefficient a_ begin to increase
• -- 5 •

considerably for showers with N> 10 partmles, i.e., beginning at C(6; L0 m_).

Let us consider to what extent the observed increase in the barometric factor ah with the
increase in size of the shower can be explained by an increase inthe exponent of the shower

spectrum x with an increasing number of particles in the shower.

The frequency of the showers recorded with an n-fold coincidence counter unit between groups

of counters with an equal area a is determined by an expression of the following type



N _c_

....
where K(N)dN = AN -X-ldN is the differential distribution of the showers with respect to the

number of particles, ¢(ri) is the spatial distribution function in the shower, r i is the distance
between the shower axis and the i-th group of counters (i = 1, 2...n), S is the area encompassed
by the shower axes, W[n, ¢, N, ¢ (rl) .... ¢ (rn) ] is the probability of the installation recording
a shower with N particles, providing its axis strikes the area _lement clS, located at a distance
r 1, r 2 .... r n from the counter groups 1, 2...n, respectively

Table 1

f" (:;i I IP :,:_

Blrollao l:r[c

<_h , _'per

1 cm Hg

II 7', + t_.,,f_

b ' hi + [i _m,

offect

r cm (m)

Te mper_m_e effect

l_m, %per rcm(h )
1° C.

_,t,_ + I, _ - 0,I,; I II 111

i ,'_l _H (}.3.1!I,.11

t+ t',++ + +_ .._j.O t}!,

t,,hlZl .qRl 11,27_+ O, | I

In order to find a formula for the expected barometric factor of the variation in shower fre-

quency ah, which is equal to the relative variation in shower frequency when the pressure ho
varies by one unit of measurement at the observation point, exuression (1) has to be varied with
respect to ho (separately for each type of coincidence recordec):

co

co

The right-hand side in expression (2) consists of two terms. ?_e first represents variation in

the frequency of the observed showers due to variation in the s)ectrurn at the observation level,
while the second is associated with variation in the effective r_dius of the shower, R, in the
function ¢(ri) when the observation level ho varies, and is classed as the geometry effect of the
installation. For the sake of brevity we will represent expres_ion (2) as follows:

x,. =: ",_,(K) + _ (!?). (3)

The values _h(K) and +h(R) can be evaluated in the following w:ty. The integral spectrum of the
showers with respect to the number of particles, N is

/.+(>iv)=_ e_, ", (4)

OF(> N) +,Ff> N) <)/_ ,_,V-* OI_N
a_, .... ,,,_ -,., = -- _'' a_, = --x_.,,_ • F(>/V), (5)

o Ig ,.v
where _N ----_ is the particle absorption factor in the shower and is equal, according to

equation (3), to _N = 0.56% per one millibar, which corresponds to 1/_, N = 180 g/cm 2.

Assuming that the above is applicable, the behavior of the ntegral shower spectrum as a
function of altitude with respect to the number of particles near sea level can be represented as

6
7
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follows: t,'(> N. I,) _: 11(1%).,. *_"_'v'-t"_. N-" :: II (I,). N-". (6)

Hence
_^"_,v____2__. ,_ I> .v, _) = - ,IL_ •A,'_.... ' :_ - _,_. K (5 I. (71

Oh fin (_h ' '

It follows from Equation (7) that

_ (^') : - _ilt,. (8]

The second term in the barometric factor Oh(R ) describes the effect of the geometry of the
experimental apparatus. It can be determined by direct differentiation of the second term in
Equation (2) (under the double integral sign) and by subsequent integration. If the exponent d of
the spacing function

C (D) _ D -_

for the given type of shower C(n, o ) is known, the approximate Equation (6) can be used.

a_(R) = 2(_- t)-_.
h0 (9)

where h is the pressure at the observation level, D_0.1 to 0.2 for moderate spacings (D< 10 m).
As _he experiment shows, near sea level the contribution made by ah(R) to c_h is small

compared with CVh(K) [less than 0.1 Ceh(K)l.
It is clear from Equations (8) and (9) that both C_h(K) and tZh(R ) depend on the exponent _ of

the shower spectrum with respect to the number of particles. If _ is a variable for the
recorded showers, we will have to use the following average values for the entire recorded
spectrum in._toad of x, in order to evaluate a h in Formulae (8) and (9).

t_ t

where Pi is the weight of the i-th seetor of the shower spectrum with respect to the number of
particles with the exponent x in producing the observed shower frequency C(n, a ),

_t has been shown [19] on the basis of data obtained in measuring the shower density spectrum
(taking into account that the exponents of the density spectrum and shower spectrum with respect
to the number of particles at sea level coincide within 2% [20] that x is not a constant, but,
generally speaking, is a function of the shower size:

= _,(N),
whence it can be concluded that

_'h = _t_(N) (1t)

On the basis of experimental data from recent direct measurements of the extensive at-
mospheric shower spectrum (see [13] and other publications) quoted in Coeconi's latest review
[31, the shower spectrum with respect to the number of particles at sea level can be broken
clown into three ranges, within which the value of x remains constant:

xL _ t,36 for the number of particles In the shower |0 s < N ( 10'

x t = t,55 for the number of particles in the shower |0' < N < t0' / (t2)• xs : t,Slt for the number of particles in the shower N ) i0 I

The value of x adopted in the range N> 10 6 does not correspond to the approximate value

quoted in [3] (it is larger), and merely satisfies measurement data [13].
The weight Pi (i = 1, 2 and 3) in Equation (10) can be determined separately in each case

from the recording spectrum for the given type of shower coincidence C(n, e, ) in the following
way:
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I'- _r iOt (tl

r ,_= i(i" (i)

where C(n, a)pred, is the predicted number of shower eoinciZenees of the given type per unit of
time:

N= IO'

C(,I, o)= f AI:L' .... "d., If _V ,,,, o, ri, T, ..... rn,q_(l',,IVidg _ -

"q = i,,' _*)

i° ,-,,,,,...... ........ <,,,)
,%_lq,' {°1

In the double integral with respect to the area S the expressiot_

II 1t ' ";""°l for ashowe, ofthe

type ((, _ 3, o),

wp,.=,,,°_: ..... .,_._(_)..v] = 11i_-, _'""'1:' f_"_°_°'°f
i:1

(15)

theP/I_ _(,t---6.:),

(ri) is the function of spatial particle distribution in the shover; r i is the distance in meters
between the shower axis and the counter group, and A 1 , A 2 at d A 3 are constants. . .

On the basis of measurements near sea level [21], the fraction (r) is taken for these catcma-

tions in the form of

_(r} - i I,.r _._ ,,,a a_ [U<.r < I011 ._,

c .t -'" at r /> I()/} .At.

where a = 1.84 - 10 -3, b = 2.21 • 10 -3 and c = 0.568.

The constants of the differential particle-number spectru n for the showers near sea level
A,A
C_ark2 and A 3 are taken from Cocconi's publication [3] and from measurements made by Rossi,and others [13]. All the integrals were calculated by Lpproximate numerical integration
methods.

The differential spectrum for extensive atmospheric showers recorded with the given type
of selection C(n, ¢), i.e., the recording spectrum, can be r{ presented in the form

.... %'1 .... A" (N) II L|: In, :, ?(r,) ..... _¢(r.), NIdS, (17)II[n
(J)

where K(N)dN is the differential spectrum for the number of l:articles in the shower at sea level.
The shower recording spectra calculated by the above method for the types C(n, _ ) are

given in Figure 3. The number of coincidences per unit of titre for the type of selection ¢ ,-_, ¢ )
is determined by the area under the curve for the recording s )ectrum function (17], i.e.,
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Figure 4 gives the results of calculations, using Equations (2), (8)j (9) and (10), of the

predicted barometric factor as a function of the mean shower size _h(N)pred. and the correspond-

ing observed values of c_-(N)
n e,xper"

As the mean size oz me snower we do not take the average arithmetic value,

o/

.I _ Ill"'_'V'_"'_irO' "_('. )ida'

- , (19)

Narith" - iO/tl,,,_..'_.x.7(r,). .?(r )1,/'_

0

but the median value Neff. ' determined from the condition

N eff.

i R['' °" NId'V = _ Rln'°,P¢ld'&' I '(n,= 2-( _)pred. (2It)

This is due to and justified by the fact that in producing the observed variation in frequency
5C(n, ¢ )/C(n, a ) all showers, irrespective of their size, take part with an equal weight, i.e.,

they are cquivalent in this sense.

A comparison of the corresponding C_h(l_l)pre d and eh(_exoer in Figure 4 throughout the

range under consideration of mean N in the stiowers shows the folio;wing:

1) The increase in C_h(N) ed with the increase of N in the shower is comparatively slight.
r • , ....

This is due to the fact that thePmcrease m x i wzth the increase m the shower N i from the vzew-

point of an effect on C_h(N_pre d is compensated to a considerable extent by the corresponding
decrease in the weighffP i of the given sector of shower magnitudes N i in the recording

spectrum.

We should recall that when calculating _h(Nr)Dred I
the maximum effect of x was assumed: instead o[ "

O log N/Oh decreasing with an increase in N, we took /0 _

a constant equal to 0.56% for one millibar, ac-
cording to [3], which is greater than in Equation _o 10 z

(2); and the _reatest of the measured x over the
range N> 10 ° was selected [13] .-_ 1if"

2) A substantial discrepancy is observed be- _o

tween C_h(b])_^A and C_h(N)exper. We can conclude dF,.zo"
b'L_u.

from this that for showers with N _- 105, the ab-

sorption of the particles in the shower _N = dlog N/ z_
yg

3

Oh with an increase in N does not only not decrease,
or even stay constant, but increases.

An explanation for the increase in 0log N/Oh Y°_

with an increase in N should be sought in the cor-

responding substantial variation in some possibly /o, y_
all, principal factors (interaction cross section,

multiplicity of nascent particles, fraction of Fig. 3.

I

el6 l?i ; ) _

" ,7" "6 ' ,_L_ tO_ f0'.¥

Recording spec_a of extensive at-too-

energy passed on to secondary particles, etc.) of _phedc aho_ R (N, n, 0") I_ Yakul_k.

the elementary act at primary particle energies of E o _> 1015 ev.
In particular, the results obtained here correspond with S. I. Nikol'skiy's hypothesis

[22] that at Eo>_ 1015 ev, the multiplicity of the separated particles, over the given energy range,

among the large number of nascent secondary particles must be greater than one.

Furthermore, it should be pointed out that the changes in the slope of the curves (increase

of x ), beginning from N>105 particles in the shower spectrum at sea level, are probably due

to an increase in N for showers with N_105 [23], and are not caused by corresponding varia-

tions in the exponent __ in the spectrum for ultrahigh energy primary particles, as assumed by
certain investigators [24].
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Ya. L. Blokh, Ye. S. Glokova and N. S. Kaminer

BAROMETRIC EFFECT OF COSMIC RAYS

1. When a stream of cosmic rays passes through the atmosphere, it is weakened because
of absorption. The stream is not parallel or monoenergetic, but it can be considered that the
weakening in a layer of matter dp (mb) is described with sufficient accuracy by the expression:

dl -- ,LI dp, (|)

where _ is a coefficient describing the weakening of the stream.

Let us use Ipo to denote the intensity at a certain constant depth p = Po in mb. Integration of
(1) then gives

Inl- h,l,,. --_,(i,-po), (2)

or I= I,..e _,v-v.L (2)

Let I and p be the cosmic-ray intensity and barometric pressure, respectively recorded by the
station. The variations in cosmic-ray intensity due to changes in pressure can be excluded by

introducing barometric corrections. This is the same as determining the intensity at the depth
Po, if the intensity at p is known at the given moment of time. According to equation (2),

In/j.. = In I -;- i_(p -- P0), (3)

or I,,._ l_,_v-v.L (3')

2. Variations is cosmic-ray intensity are conventionally expressed in relative units. It
follows from equation (2) that the relative variation in cosmic-ray intensity due to changes in
pressure can be expressed by the formula

I I p,

is,,- .10tJ ; IUOle-_IP-n._--'tl= B, (4}

where B is the barometric correction. Expanding e- U (P-Po) into a series, we obtain

I; - I00 le-_' c_-r,o _ I I =:-

: lO_l[ _,_.(&l,:\p,_ ¢ 1,'l"t, e_)' 1,'(P--poP ]
• '_ 31 + " " "j" (5)

However, equation (4) cannot be used in this form because IpA is an unknown which varies con-
tinuously with time. For practical purposes the relative varzUation is expressed in percent of a

constant value of Io which has been adopted as the standard (Io_TPo) •
Let us transform equation (4) by separating the variable term Ipo in the denominator. As-

suming Ipo = Io + (Ipo - Io) in the denominator on the left-hand side and multiplying both sides
I o + (I., -- 1o)

of equation (4) by I. , we obtain*

• This formula can be directly derived from Formula (2') by substituting the expressions for I

and Ipo in terms of AI and Alpo. Formula (6) can also be represented in the form

31-_I : -[Ir'_ /--I"lvl' --]_- l'
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! -- It," 11 - I e
I, 1(_- AI - A/j.. = l_ G '"/_---h'. (G)

Where

,, /, / l.lC_U(%),
A/ - --/_ _ IOl_ (%),,,4 A/,. J'"

i. e., all the data before and alter barometric corrections are ( x-pressed in percent of Io. The

I t,,
term °/- /_ , which occurs here Ln the right hand side of e*tuation (6), takes into account the

effect of deviation in L. from the standard Io on the barometric correction If these deviations
• . ]_ . •

are small, the additional term zs small, and at Ipo = Io it is equal to zero.
Disregarding this n-,_ditional term and limiting ourselves to the first term in the series (5),

we obtain the formula which is usually employed to make the barometric correction of data for
the hard component in cosmic rays,

x/_ a/,._ :_(/,-j,°), (7)

where _ = 100t_ is the barometric coefficient(factor)express,_d in %/rob. Clearly, equation
(7)is an approximate one.

Table

Errors made in calculationof the barometric correction by m,ing equation (7)[inpercent of In]

w--z_,rnb

I0

I(p--p,)-H

1 Ip,-- l.
I

0,27 0.01

t,07 0,042O

0,01
0,t0

0,50

0,0i

0.t0

0,50

0.0t

0,10

0.50

Ip _ l.

_--o.75%/.mb ID----o, t_,_f=4mb

O, )I 0,0015

O. )8 0,02

0,18 0,08

0, )7 0,0!

0,72 0,i5

3,_0 0,71

O, 16 0,03

1,52 0,30

8,39 i.48

4O 4,0_ 0,18 0.01

O, lO

0,50

O, 26

2, 59

12,_

0,_

0,58

2,91

3. Equation (7) enables us to calculate the barometric effe.t fairly accurately provided that
J_ (P - Po) is small. It is known, however, that the neutron corn mnent in cosmic rays reacts to
a much gr_.ater degree (4 - 6 times) to the variation in baromet_ io pressure than the hard

where

or

All.. _.A/ [r3(I,--I,O)--;Jz(I'--P.)zlFt_q_WT___jL ' _'_I_]" (t;')
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component. Furthermore, we often observe deviations in the diurnal means of the barometric

pressure of 20 to 30 mb (or even more) from the average pressure at the given station. The

deviations of Ipo from Io are also large and comparable to the value of I o. All this suggests that
in a numbor of cases equation (7) provides too rough an approximation.

The table shows some values of the errors which are made when making barometric cor-

rections from equation (7): 1) due to the use of the linear approximation for B, and 2) due to

Ip, -- I0
disregarding the term ---Tj--, B. The errors have been calculated for the neutron component

( _= - 0.75%/mb) and the hard component ( _ = 0.15%/mb) in cosmic rays for certain values of

1_, -- 1o
(P-Po) and - I, "

It is clear from the table that

a) for the hard component in cosmic rays the linear approximation can always be used,

even when the barometric pressure variations are very large, up to 40 mb (the error does not

exceed 0.2% of Io).
b) for the hard component, in practically all cases, we can disregard the term I_--I, B.

I,

This value is only high when the hard component variations are very great and correspond to

'%ursts". During a burst, however, the intensity grows so rapidly (10 - 20 minutes) that the

barometric pressure hardly has time to change appreciably. Even when the intensity goes up

by 200% and the pressure changes by 1 mb, the error due to disregarding this term will not be

more than 0.3% of I o, and can be completely ignored.
c) for the neutron component in cosmic rays, when the decreased pressure variations are

15-20 rob., the linear approximation will not suffice. In this case the error will amount to

0.6 - 1.1% which is beyond precision for reporting.

d) for neutron component, when the pressure change is 10 - 15 mb and the deviatmn of

Ipo from I o is 10%, the error due to disregarding the term .......... is 1 - 1.5%.
1,,

The following conclusions can be drawn:

1. For the hard component in cosmic rays, equation (7) gives a fairly good approximation
and can be used in all cases.

2. For the neutron component in cosmic rays, equation (7) can lead to considerable errors

in many cases. Since the more exact equation (5") is inconvenient, it is preferable not to convert

data for the neutron component, expressed in terms of the number of pulses, into percentage of

I o before barometric corrections are made. The reduction of data for the neutron component to

a constant barometric pressure should be made on the basis of equation (3). * In equation (3)

[lnIpo = lnI +_ (p - Po)] the Intensity of the cosmic rays is expressed in terms of the number of
pulses and the calculation of the barometric correction does not involve the use of the standard

*o-
3. As has been shown, the barometric correction to data for the neutron component should

be made by equation (3), i.e., the logarithmic relationship between variations in I and p should be

taken into acco_mt. In this case the method of determining the barometric coefficient _ or the

coefficient _ is also varied. The conventional method of linear correlation between cosmic-ray

intensity and barometric pressure should be replaced by linear correlation between the logarithm

of the neutron component intensity and the barometric pressure.

* M. Wada. "J. Scient. Res." 1957, v. 51, p. 201.
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N. P. Chirkov and Yu. G. Shafir

EFFECT OF AIR MASS FRONTS ON COSMIC RAY INTENSITY AND ROLE PLAYED BY

LOWER LAYERS OF STRATOSPHERE

The meteorological nature of the effect of replacement of air masses on cosmic-ray intensity

has been explained fairly clearly in the publications of the Yakutsk laboratory [1,2], which refer

to a possible reduction in the effect through redistribution of the air masses in the lower
stratosphere.

This article endeavors to analyze experimental material witt a view to evaluating this ef-
fect, and, using meteorological effect calculations devised by Fe:mberg-Dorman [3], to ascertain

the frontal situation in the lower stratosphere when pronounced tl opospherie warm and cold

meteorological fronts pass over the cosmic ray recorder. For the investigation we used material

from continuous measurements of the global intensity of the hard component made in Moscow at

the Institute of Terrestial Magnetism, Ionosphere and the Propagation of P_dio Waves of the
Academy of Sciences of the USSR (IZMIILkN) using the ASK-1 apparatus.

The data on the tel,.perature radio-sounding of the atmosphere, when the meteorological

fronts passed over Moscow, were obtained from the Central Aerological Observatory {CAO}.
In all, 49 warm and 48 cold fronts passing over Moscow between 1953 and 1957 were

studied. All the fronts were selected by specialists from the Cer tral Weather Forecasting

Institute {after examination of ground weather charts}. The front_ were required to meet the
following specifications:

a) they had to be well pronounced in the meteorological field _t the earth's surface and at
an isobaric surface level of 850 mb;

b} before the moment the selected front passed over the obse ovation point, Moscow had to

be in a homogeneous air mass, i.e., neither at ground level nor _t any height had there to be

any other meteorological fronts during this period;

c) after the selected front had passed over Moscow, no other frontal divisions were to be
noted until the front had passed over at all altitudes.

The frontal divisions of the air masses and their upper bouncaries were fixed from data of

four radiosondes every 24 hours and from aircraft sounding, and also from temperature field
analysis at isobaric surface levels of 850, 700, 500, 300 and 200 rob, and in certain cases at

100, 50 mb, or higher.

When the warm fronts passed over, seven moderate and thre_ strong magnetic storms were
recorded, and three moderate and one strong one when the cold fJ ont passed over.

The experimental material was processed in the following w_y. Just as in other research

work [1,2], the frontal division projection onto the earth's surfac.. _ was divided into seven zones

in the case of the warm, and six zones in the case of cold fronts. Moreover, an analysis was
made of material from two zones, corresponding in pairs to "pur,;" cold and warm air masses

passing over the observation point before and after the front, regardless of the type. Each zone
was given a number (, 2 .... k) which was used to mark its other relevant characteristics. The

zones were not included in the analysis unless there were radio s, mdes or aircraft sounding while
they were overhead.

In accordance with the time of passage of the fronts over the Moscow Cosmic Ray Station, we

collected _ Ini p data for each hour following the radio sounding. :"he values of the intensity for
each front type obtained in this way were then averaged. The derived deviations AI_ (where k is

the zone number and n is the number of fronts of the given type) _ere processed by{he Cri method

(superimposition of epochs). We thus derived mean deviations of $ I k for each type (Figures lb and
2 b).
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The results of the temperature sounding for each

standard pressure level were processed in similar
fashion. The averaged curve for temperature varia-
tion at different levels is shown in Figures le, 2e,

3b and 4b.
Variations in intensity, in percent of 'he

theoretical mean, due to meteorological factors

were calculated from data for the temperature _j
cross section of the atmosphere by the Feynberg-

Dorman system. These results and the ex- o_
perimental curves for the _ -meson component ,_ _,
intensity are given in Figures lb and 2b. Figures "
lc and 2c show curves for the _-meson intensity ,_" ,9,-

variation taking the temperature of the atmo- ,:.__
sphere, collisions and barometric pressure into '_ _:
account. It is clear from these curves that the

hard component intensity freed, in a first ap- _'
proximation, from the effect of the layer of at- ,-_
mosphere between the earth's surface and a
height of 200 mb, undergoes variations of
particular interest in the case of the warm front.

Analysis of the material suggests the

following:
1. When the warm _ront passes over (Figure

lb), the intensity of the hard component is re-

duced by 0.48 ± 0.10%. The reduction begins a
short time after the projection of the upper ._

boundary of the frontal section reaches the point ,:.
and ends approximately one hour before the *_

ground line of the front passes over.
The correlation factors for the meson in-

tensity variations and theoretically expected in-
tensity are very great: r 1 = 0.98± 0.01 between
_I i and 8N500, r2=096±002betweenSI i• • p

an_iP5 N300 and r 3 = 0.93 ± 0.04 between 5 Iip and

5N200.
2. In the case of the cold front the effect is

0.53 ±0,10%. The intensity increase begins when
the ground li_e of the front passes over the ob-
servation point. Maximum intensity is observed

just before passage of the projection of the upper
boundary of the frontal section.

I ' I
Warm I I Cold

aJizlaJiz J I tonal _fao$ zo'_ I art
I rn_ss

I
' | u

°!f _
•, -d_ ,,oc

8 o $_, ,-.
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Fig. 3.

a - the valuel o_ _llp and IN u during passage of

a warm front, c )mldering the effect of lower s_ato-

sphere (average of 14 instances); b - variation of

temperature on Ieveb, 1-80 rob. 2 - I00 nab, 3 -

The correlation coefficient between 8 I: and 200 mb. 4 - 30) mb and 5 - uopmpherlc average.

8 Nu is very high for the cold front, as wel_.
3. In order to be able to assess the possible effect of redis ribution of air masses in the

lower stratosphere on the front effect in cosmic-ray intensity to any e_xtent at all, we had to make
use of additional experimental material from 1955 - 1957 during which there was higher tempera-
ture sounding of the atmosphere than in preceeding years.

Figures 3a and 4a show curves for $I and St for warm and =old fronts obtained from the
processing of this additional material. It is not difficult to note from study of these graphs that
the contribution made by the lower stratosphere steps up the me eorologtcal front effect in I.
The appearance of the curves for _ I and a W changes as well.

To some extent this conclusion confirms G. D. Zubyan's hypothesis regarding the
participation of the lower stratosphere in the formation and development of meteorological fronts

[4]. Unfortunately, we do not yet have sufficient experimental _ aterial for any more definite
conclusions.

A feature which stands out when looking at Figures 3a and 4_t is the divergence between the

6
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Fig. 4. Same as Fig. 3, for • cold front
(average of 12 tmtaneei).

-meson intensity obtained experimentally and the values

calculated by the Dorman-Feynbcrg systcm which takes

into account'¢ = 0.5 adopted in [5]. Rough calculation

shows that these discrepancies become minimal if we

take?_-_-0.35 when calculating S W.

Figures le, 2e, 3b and 4b clearly show a reversal of

the temperature distribution of the air in the stratosphere

compared with variation in temperature in the tropo-

sphere. This fact shows up particularly in the case of

the warm front and coincides with L. R. Rakipova's views

[6]. We consider that these processes mutually compen-

sate for the effects in I when the fronts pass over.

4. Using 1949 - 1952 material [2] and the results of

our own research, we were able to trace the relationship
)etween the variation in the

A

i / •

I

',t'/,..¢- l_b 2 i ' ,'.gJb " _g57

_J J -/qjj

Fig. 5. Variation of temperature
effect on lhe wolf number ha 1949-
1962, 1953-1955, and 1955-1957.
Wx - temperatt_re effect in cold

front; Wm- wmperamre effecI in
warm front; A - Wolf number.

meteorological front effect

and the state of solar activity

for a number of years.

The curves given in Fig.

5 for A (Wulf number) and W

(temperature contribution to

front effect) reveal con-

siderable correlation. This

fact suggests that as the

sun's activity increases, so
do the processes in the at-

mosphere leading to an in-
crease in W.
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Ye. S. Glokova

ANNUAL VARIATIONS IN COSMIC RAY INTENSITY AND FEMPERATURE CORRECTIONS

There is no longer any doubt that the regular annual variations in the intensity of the hard

component in cosmic r: ys I, reduced to a constant barometric pressure, are produced by a

temperature effect. It is not yet entirely clear, however, whether there are residual annual

variations in I of non-meteorological origin, or how regular they are.

When the meteorological corrections W calculated by I)upt rier's method had been made,

there was discovered in Manchester [1] a residual annual wave I - W of opposite phase, i.e.,

with a maximum in the summer and mhfimum in the winter. "Ihe total amplitude of this in-

verse wave was almost equal to that of the annual wave I observed and amounted to more than

1% of the mean intensity Io. As Dorman has shown [2], this inverse wave might have been the
result of inaccurate meteorological corrections which had been determined using regression co-

efficients obtained from correlation of mean diurnal I with barometric pressure and isobar

height of i00 rob.

At the Freiburg station [3], at which a large cylindrical ionization chamber was used for

recording, the meteorological factors were determined by multiple correlation of four variables:

the intensity I, barometric pressure, isobar height of 96 mb, :_nd difference in height between

isobars 96 mb and 225 mb. When the data for I had been reduced to constant values for the said

variables, no further inverse annual wave was detected in Fre burg. Neither is there one in

Cheltenham, according to Forbush, [8].

The author determines temperature corrections by Dorma _'s method [2] from aerological

temperature data from the Cheltenham station from 1939 to 19._6, and for Soviet stations over

the period 1953 to 1957. After temperature corrections had bcen made, no appreciable inverse

annual wave was observed at Cheltenham from 1939 t9 1946. ?'he variations in the mean monthly

values of I - W were easily correlated with magnetic activity. In the mean annual variation a

clearly marked reduction in intensity was noticed during the ecuinoxes, corresponding to the

Corty effect in magnetic activity [4].

Both at Cheltenham and at the USSR stations I was record_ d with ionization chambers of

similar dcsign. The temperature corrections were calculated by the same method using the

same temperature coefficients. However, at the USSR statiom; the mean monthly values I - W

showed inverse annual variations from 0.5 - 1.5% of Io [5]. Ttese variations are a smaller per-

centage of the observed annual wave I than in [I], since the yearly variations in I observed at

USSR stations were considerably greater than in Manchester. But the inverse-phase variation in

I - W is regular in nature, recurring from year to year. Figt res 1 and 2 show variations in

mean monthly I'- W at the Moscow and Yakutsk stations from ]953 to 1957, at the Freiberg

station from 1953 to 1954, and at Cheltenham from 1942 - 194( (Figure 2) and 1953 - 1957 [8]

(Figure i)*. From the curves in Figures 1 and 2 it is clear ttat:

1. The mean monthly I - W for Moscow and Yakutsk show regular annual variations with a

maximum in summer (Figure 1, curves 1 and 2).

2. The amplitude of the inverse annual variations is grealer for Yakutsk than for Moscow

(Figure 1, curves 1 and 2).

* The data in Figure 2 were corrected for non-cyclic variatioi_s by subtracting the smoothed

curve. The smoothing was done by averaging for 12 consecuti-'e months using sliding means. Fig.

1 gives data without non-cyclic correction. Data for I and W f)'om Yakutsk were provided by

YBSDAS. Data from Freiberg were generously supplied by A. I. O1'.
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3. The inverse annual variation in I - W does not occur in the case of Freiburg or Che! _'n-
ham, according to Forbush's data (Figure 1, curves 4 and 5).

4. The spread of the mean monthly I - W for Moscow and Yakutsk (through inverse annual

variations) is considerably greater than for Freiburg or Cheltenham.

5. The mean monthly I - W for Cheltenham from 1942 - 1946 do not show appreciable in-

verse annual variations even when W is calculated by Dorman's formula, and correlate closely
with the variation in magnetic activity (Figure 2).

As will be shown below, the different results obtained by Cheltenham and the Soviet

stations using Dorman's method for determining the temperature corrections can be explained by
the inaccuracy of the temperature coefficients used to compute the corrections at different

stations. Because of very great annual oscillations in temperature at the Soviet stations, only
a small error in the temperature coefficients is required for appreciable distortion of the

residual variations in I - W. A slight increase in the temperature coefficients in comparison
with the true ones should produce a regular inverse annual wave I - W.

Effect of Screen

F

6
As has already been pointed out, the temperature corrections at the Moscow, Yakutsk and

Cheltenham stations (1940 - 1946) were calculated with the use of the same temperature co-

efficients. Despite the more or less identical thickness of the lead shot surrounding the chamber,

however, the instruments at these stations were actually working with different screens, as is
clear from Table 1.

,onscreens consist of their own o

lead screen and the building
screen. The former can be _

calculated fairly accurately, FT,J_ _ _-_, _ J I t I d I I i J _] I

on the basis of the chamber's_L_ I'|_i,_ _ ?oadimensions. As shown by H-;! tDorman [6], the effective Joo

screen for spherical ioniza- .[7_ _ _ _ T 'l I
tion chambers increases _ ' P ..._r_ I I

with the chamber size, at J[I2 '_,.Jr ' _h(_"-l'_the same thickness of the

leadshotlayer. The [I _-I i ;
building screens could only

be calculated approximately,

particularly before July,

1954, in Moscow, whc :e the

screen provided by the

building was extensive

and unsymmetrical. It

can be taken as a rough

estimate that in light

materials used for roofing
(stone, clay, sand, con-

crete, tar paper, wood),
losses in meson energy on Fig. 1. Variation of average monthly values of I - W. 1 - 1 - W, Moscow, solid

line - W not corrected for sEreen- 2 -'1 - W, Yakuuk, dashed line - W corrected for
ionization are the same as screen, 3 - 1 - w. Moscow and _akutsk, corrected f_ screen and gamma (solid
in aluminum. For partie- Uae - yaku_k, dashed line - Moscow). 4 - I - W, Freiburg; 5 - [ - W, Cheheaham.
les with a'kinetic energy from ref. 8. R - relative number of sun spotS; C - Index of magnetic activity.

avera e fo_ USSR stattom
0.3 Bey, energy losses in g

lead per 1 g/cm 2 amount to 1.15 Mev, and in aluminum 1.65 Mev. To obtain the equivalent
screening, the building screen in g/cm 2 was multiplied by 1.5 and added to the chamber screen.

The temperature coefficients used for calculating the corrections were derived for minimum

total energy of the recorded meson 0.4 Bey, or ktnetie energy 0.3 Bey, which corresponds to a
screen of 240 g/cm 2 Pb. Table 1 shows that since August, 1954, the screen in Moscow has

JiiJ/.
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Table 1

Station

M_COWo. °°° °.°.

Moscow'.........
Yaku_k .........
Che Itenham.,....

Recording perloc

from July1954
to August 1954
1953-1957
1939-1945

ASK-
ASK-.
ASK-.

C-2

d

U

II

175

175

175

155

°
ci
¢i

¢J

ol; ¢,1

12C_20
_C:f_2

120J:5
:.>20

l ,

p_,_a.

•-_ .B

355
235
355

_,135

6
z

changed little from that

value. It is designated No.
1. The screens in the

ASK-1 apparatus in Moscow

up to July, 1954, and in
Yakutsk for the whole of the

period under consideration,

were identical (No. 2), and

greater than screen No. 1
by 120 g/cm2 Pb. Screen

No. 3 in Cheltenham is

smaller than screen No. 1

by at least 50 g/cm 2 Pb.

To investigate the part

played by the screen in pro-
ducing the inverse annual

i. ** !iiiiii!I
i i i i i:iir

/ $ @ll #_l J ,'j_ _# I_ 0 .¢ /Jt¢$

Fig. 2. Variation of average monthly values I - W in Cheltcnham. SoLid line,
without screen correction; dashed line, corrected for scaeen (W as determined by
the Dorman method); C - phmetaty index o magnetic activity.

wave I - W as a value describing the extent of the annual variati,,n in the temperature correction
W, we took the difference between the maximum and minimum '¢,'. This difference will be

called AW o. The symbols W o and AW o designate corrections c _lculated using the same

temperature coefficients, regardless of the screen. It can be taken that W o describes the ex-
tent of yearly temperature oseillatmns at the stations. Let us u_e AI to designate the difference

in I over the same months; AI - AW o is the extent of the inverse annual wave using temperature

corrections W_. To determine AI we selected I from extreme values of W o, since other
factors might gave had an effect on the variation in cosmic ray intensity, while we were interested

in the inverse wave AI - AW in terms of the temperature corrections.

Table 2

Station d
Z,.o

MOSCOW......... J 1

Mc_cow ......... I 2
Yakuuk. ........| 3
Che lteaharn. .... J 4

/

|

Months of Ex-

_emes in Wo

IFeb. and July 4.5
Feb. and July 5,2
Dec. and July | 6,3

'JAB., and Attgtut [ 3,0

A!

3,9
4,0
5,0
2,8

dl--_W,

--0,6
--1,2
--1,3
--0.2

_I--&W,

13

21
7

AI and AW o were determined for Moscow for the mean annml variation over the period

August 1954 - July 1956 (screen No. 1), and for the annual varia:ion from June 1953 to May 1954

(screen No. 2). In the case of Yakutsk AI and AW o were determined for the mean annual varia-
tion from August 1954 to July 1956 (screen No. 2); for Cheltenha_n we took the mean annual

variation from 1940 - 1945. Dorman [2] has given approximate iormulae for evaluating the

relative variation in temperature coefficients 5 W - W with varil=.tion in the screen (see Dormau's



book [2],p. 115).
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MV_ hA.

_ _o--t._+4, fort_-mesons,
(i}

t_I.__=5Az for_ -mesons;

here ho is the depth of the atmosphere at which I is recorded, (ho = 1000 g/era2 is taken as equal
to unity),L is the path of the meson-generating component (inthe units selected it is taken as L
= 0.12), A( is the minimum meson energy for which the temperature coefficientswere calculated
(A e = 0.24), x = cos z, where z is the zenith angle of the incidentparticles. For our purpose,
considering the approximate nature of Equation (i)and the inaccuracy of the equivalent screen,
we can assume thatz = 0 and x = i.

Substitutingnumerical values into(I),we obtain

LtV _.% LW_

The variation in the total effect + _ I will depend on the traction contributed by the
la -meson and g-meson effects to the total temperature correction. WTr is only substantial at

great heights, and for z__ = 0.24 the part played by W_ is eight times smaller than W _t • For a
specific ease of mmual variation, the relative part played by W_ is still smaller, since the
annual variations in temperature decrease with height. As a result of the difference in the

height distribution of the annual temperature variations, the effect of the change of the screen
in AW may be somewhat different at different stations.

Fig. g shows the variation,
calculated from Equation (2), j-a_. "=

in annual variations of the total I I I

temperature correction as a ' _ ,,-_9_

function of the variation in ea
screen for Moscow, Yakutsk %
and Cheltenham (1942 - 1946). _ .... _ _
The changes in _mnual variation •

aro  OAWot .........Iithe given station (Table 2). o
Fig. 4 shows the experi- /

mental values of the inverse _,,_ -_o o 5o av _aa z_,: ejo ._ee

annum variation ( &I - AWo) h, g/cm 2

A Wo and ( A I - AWo)/ AW o) Fig. 3. Changes in annual variation of the temperatue correction a_ a

after AW has been corrected function of screen. Straight lines calculated by equation (2); 1 - for Moscow

for the variation in the screen, and Yakutsk; 2 - for Chelmrtham. The ptotted data potnn -- are experl-

The values ( AI - AWo) / AW o mental vahtes of tho annual variation a_ au , in %; solid potn_ --,MV.

increase with the increase in without screen correction, open point3 - with screen cormctiom; squares --

the screen and lie nicely along Yakuttk; circles - Moscow; triangles - Chclmnham.

a straight line parallel to the
theoretical one. After correcting W for the screen variation, the inverse annual variation {AI -

_,Vo)/AW o does not show any regular dependence on the screen, and it can be taken that its
value, within the limits of errors, coincides for all stations. Thus, the difference in the
relative inverse annum variation in I - W in Moscow, Yakutsk and Cheltenham can be explained

by the use of the same temperature coefficients for calculation of temperature corrections with
different screens.

Origin of inverse annual variations with screen 240 g/cm 2

In Moscow, the screen over the apparatus has corresponded fairly closely, since August,
1954, to &c = 240 g/era 2, but an inverse wave I - Whas been observed (Curve 1 in Figure 1).
In Yakutsk the screen correction of W has reduced the inverse wave I - W, but has not eliminated



it completely (dotted curve 2 in Figure 1).

Tile shape of tile I - W curve for Cheltcnham, however, ha_ hardly changed after correction

for the screen. The relative variation in ( AI - AWo)/ AW o by 4% of AW o for Cheltenham, where

AW o is small, gives too small a figure in % of I o to have any a )preciable effect on the shape of
the I - W curve in Figmre 2.

It seems fairly probably that tile inverse seasonal wave at t screen thickness of 240 g/cm 2

is also the result of inaccuracy in the temperature corrections

The temperature coefficients which were used for calculating W when the screen was 240
g/cm 2 are evidently too high. Indeed, if tile inverse wave I - W is a function of the increased

temperature coefficients, it must be a function of the annual temperature variation and have the

same value in % of W o at all stations, which is approximately the actual case (Figure 3). The
variation in I expressing the ch:mges hi the intensity of primary cosmic rays evidently ought to
be the same in percentages of L for Moscow, Yakutsk and Cheltenham, since the geomagnetic
latitudes of these sUztions arc c_ose (Yakutsk 51 ° N, Moscow, 5'9 ° 8' N, Cheltenham 50 ° 1' N) and

the instruments used are identical, ttowever, in % of Io, the variation at Cheltenham is
definitcqy less than in Moscow or Yakutsk. The increase in th_ temperature coefficients is

most likely the result of inaccuracy of the exponent taken in the formula for the differential

spectrum of the meson-gcncr,_,tinKcomponent.

Dorman took dN/d_ _ _ -(z+ )'D and _: 0.5. At the

prcscnt time )'= 0.35 is usually taken for the primary

particle differential spectrum in the energy region

lower than 30 Bey [7]. Temperature coefficient den-

sity curves were calculated for _, = 0 and 7 = I. It

was assumcd that within this r_.nge the increase in

temperature coefficients is proportional to the varia-

tion in _' . The temperature corrcctions are signi-

ficantly affected by the value of 7 , whereas they vary

little when the other constanls in the theoretical

formulae vary.

Figure 4 shows the variation in arca under the

temperature coefficient density curve during varia-

tions in _, from 0 - i. assuming a linear dependence

of the coefficient increment on 9'. The area under

the curve shows the intensity of variation in per-

cent of the mean, when the temperature varies by

1°C throughout the atmosphere, or the tempera-

/tO

zUO - i

o q/ cz o,J 0., q5 _r 7 @, 9 ;'o zl

Fig. 4. Tte Depence of the area under the
curve of the density of temperature coefficient.

W on the value of gamma.

ture correction W o. At 7 0.5, W o is taken in Figure 4 as 10)%. Figure 5 shows the relation-
ship between W o and actual tmnual variation AW for various st;ttions. In Yakutsk the distribu-

tion of annual variations m temperature with altitude, as a firs: approximation, can be con-

sidered the same as in Moscow. It is quite clear from Figures 4 and 5 that when 7 = 0.35, the

annual variation in Moscow and Yakutsk should be reduced by al,proximately 7%, and in Chelten-

ham by 5%. For Yakutsk, the correction due to the reduction iJL _, is added to the correction for

the screen. In Cheltenham the correction due to _, is opposite in sign to the screen correction

and they cancel themselves out. If we use the temperature coe: ficients corresponding to 9' Y

0.35, then as is clear from the curves 3 in Figure 1, the regul_ r inverse annual wave I - W in

Moscow and Yakutsk disappear almost entirely. The wide spread of the mean monthly I - W for

Moscow and Yakutsk, after the correction for the screen and foe 7 have been made, is not

substantially different from the one for the mean monthly value;; at Freiburg and Cheltenham.

Curve 5 for Cheltenham and curves 3 for Moscow and Yakutsk, are, generally speaking, similar.

Slight differences may be due to the observation conditions not being sufficiently constant (for

example in Moscow) and to the inaccuracy of meteorological co 'rections.

Thus, there are no grounds for assuming that there definit_:ly is an inverse seasonal wave in

cosmic-ray intensity.

Conclusion

Investigation of the annual variations of nonmeteorological )rig"in in the intensity of the hard
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componentincosmicrays,atstationswithhigh
annualvariationintemperature,requiresvery
carefulcalculationoftemperaturecorrections.
Thefollowingconclusionsmaybedrawnfromthe
researchcarriedout:

1. Theregularinverseannualwavewhichis
foundtoexistatUSSRstations,afterthedatahas
beencorrectedfortemperaturebyDorman's
method,canbechieflyexplainedbytheinsufficient
accuracyofthetemperaturecoefficie,_tsused.

2. Whencalculatingtemperaturecorrections
byDorman'smethod,thedifferencebetweenthe
actualscreenovertheinstrumentandthescreen
forwhichthetemperaturecoefficientdensity
curveshavebeencomputedmustbetakenintoac-
count.Thisisparticularlyimportantwhenthe
temperaturevariationisgreat.

3. Thevalueof 7 = 0.35, in the formula for

the. ,_ -_neson-generation spectrum dN/dc ---.-.

E-(z+7 ) seems more probable in the energy

region less than 30 Bey rather than the value of

7 = 0.5.

i 2 t

Fig. 5. Wo in go. as I function of AW. In

o_ with a screen of 240 g/cm 2 And 7 = 0.5.

1 - for Motcow and Yakuttk. 2 - for Clmlt_nham,
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N. S. Kaminer

EFFECT OF SMALL CHROMOSPHERIC FLARES ON INTENSITY OF HARD COMPONENT

IN COSMIC RAYS

Introduction

Chin of the most interesting problems arising in the study of variations in cosmic-ray in-

tensity is the generation of high-energy charged particles on th,_ sun. The great increases in

cosmic-ray intensity observed from time to time show that the _cceleration of charged

particles is due to the processes accompanying the origination _md development of chromo-

spheric flares. Since such events, however, are observed very rarely, and chromospheric

flares occur on the sun fairly often, it is most probable that the majority of the flares are ac-

companied by increases in cosmic ray intensity.

Indeed, this effect ("small flare" effect) has been discovered in the neutron [1] and hard

[2] components of cosmic rays.

Comparison and analysis of the results of [1] and [2] has lea to the rather unexpected con-
clusion [3] that the small flare effect in the hard component is ( f a complex nature and is not

only due to the influx of additional particles, but also to meteor )logical factors: the additional

stream of short wave radiation leads to variation in the temper;tture of the atmosphere's upper

layers, resulting in variation of the hard component intensity. It appears that the contribution

made by the meteorological effect is so substantial that it is mr inly responsible for the increase
in the small flare effect discovered in [2].

This conclusion, which has been arrived at on the basis of Dorman's coupling factor

method [4] is a point of departure for special investigation of th ._ meteorological origin of the

small flare effect in the hard component. Below we give the results of this investigation for the

hard component of cosmic rays recorded at a number of points in the Soviet Union.

Small flare effect

The effect of chromospheric flares on the intensity.of the h trd component [2] was studied by

the epoch superimposition method. The appearance of a chrom )spheric flare was indicated by

the cessation of short wave radio contact, i.e., cases of very 1:_werful, geophysically effective

flares were purposely chosen.

A separate analysis of the data for daytime (9 AM - 4 PM, local time) and night time (4 PM

- 9 AM) showed the following:

a) At the moment radio contact ceases on the side of the e: rth lit by the sun, there is a

sharp increase in the hard component intensity by 0.3 -+ 0.06%, vhich gradually fades during the
next twelve hours.

b) The effect is totally absent on the unlit side of the earth

Firor [1] has investigated the small flare effect in the neut_ on component and discovered an

appreciable increase in intensity of 0.6 _ 0.15%. The intensity I eturns to its normal level within

two hours. It is characteristic that a relationship was also dis(overed between the power of the
chromospheric flares and the increase in the neutron componen _ with a correlation factor + 0.6 ±
0.2.

The results of [2] might have been considered confirmation of the fact that chromospheric

flares generate high-energy particles, and that the slow fall in he intensity might have indicated

that the generation lasted many hours after the flare began, or hat in the regions nearest the sun

F
6

?
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thcrc were somc kind of scattering centers. The diffusion on these centers made it possible for

particles to impinge upon the earth for a long period after they had left the sun.

It was shown in [3], however, that the results obtained in [1] and [2] were incompatible. The

amplitude ratio of the neutron effect and hard component should not be 2:1, as was observed, but

40 (50):1. The hypothesis is being put forward that the increase in hard component intensity

during cessation of radio communication in the daytime is a meteorological effect: an additional

stream of ultraviolet radiation during the flare may cause appreciable temperature variations in

the ozone layer and produce the effect observed. This explanation also throws light on such

phenomena as the absence of any effect in the hard component when it is dark, and the slow

decrease in intensity after the maximu, whose duration is considerably greater than the time that
the chromospheric flare lasts.

It should be pointed out at the same time that a direct comparison of the results of [1] and [2]

can only be made qualitatively, and even then with great circumspection.

During the research [1] there was discovered a marked relationship between the power of the

flares and the amplitude of the neutron component increase. Most of the flares used for the

analysis in this research, however, had a power of 1+ or 2. As opposed to this, the small flare

effect in the hard component involves exceptionally powerful chromosphcric flares causing

cessation of short wave radio communication, i.e., flares obviously effective in the geophysical

sense. When comparing results this fact should be taken into account. Furthermore, it should

not be forgotten that the amplitude of the effect is different for different years [1].

All this suggests that the slight difference in the increases in the neutron and hard com-

ponents in [1] and [2] may be to a considerable extent the result of a difference (nonuniformity)

between experimental data and analytical methods. And if the effect in the hard component cannot

be completely explained by the influx of additional streams of cosmic-ray particles, it can be

assumed with fair validity that the additional stream and meteorological effects may, under

certain circumstances (as, for example, in [2]) make a considerable contribution to the observed

increase in the intensity of the hard component.

Experimental data and analytical methods

As had already been pointed out, the expected small flare effect in the hard component is

very slight -- considerably less than the accuracy with which the data is rccorded. Hence, in

order to obtain a statistically significant result, we have to make use of a large amount of ex-

perimental data. This can be done by analyzing data from several cosmic-ray stations and

selecting a time period over which a large number of flares were recorded on the sun.

During the minimum solar activity in 1954 there were no chromospheric flares on the sun.

Some were recorded in the second half of 1955, and then in 1956 solar activity sharply increased
and the number of recorded flares reached several hundreds. Hence, for our research we used

data for intensity of the hard component during 1956, corrected for the barometric effect. Names

of the recording points and their locations are given in the following table.

Cosmic ray recording points

POINT

Tbil£_l ............
Irku_k. ...........

MO,$COW.°...,.**°_

Sverdlo_ ......
Yakmxk. .........

Geographical

Latitude Longitude

41,7 44,8
52,5 104,0
5:,,5 37,3
56,2 6l, I
62,0 129,7

Geomaguetl

latitude

36.3
40,8
50,8
48. t
51,0

To obtain reliable results, it is vital to select the correct analytical method. Since the

solar-diurnal variation may greatly distort and mask the effect, in earlier research [1,2] it was

excluded by subtracting the first harmonic of the mean diurnal variation from the hourly intensity
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values. We also used this method, although one of its great di.advantages is that the analytical

results may be appreciably influenced by semi-diurnal variation, which during some years is

comparable with the actual effect under investigation [5].
ltence, in addition to the above-mentioned method of corre,_ting the data, we used another

method which makes it possible to eliminate all regular variatbms in cosmic rays within the

diurnal period. For this, the mean monthly hourly values for intensity are subtracted from the

intensities recorded every hour. It is easy to see that in this c_se we exclude all variations

arising in the mean monthly diurnal variation. Admittedly, thi ; method has its disadvantages
as well. For instance, if the number of chromospheric flares during the period under analysis

is considerable, or if there is a stable (in a diurnal respect) fly, re effect for the month, it may be

considerably weakened under this method.
We therefore used both methods, and were able to compare the results directly.

The analysis was made by the epoch superimposition meth( d. As zero-hour we took the
time when a chromospheric flare was observed (or originated). On the left and right of the in-

tensity at zero-hour we note the values for the 6 preceeding an( 10 or 18 subsequent hours.
For the research we used data on chromospheric flares fr( m observations carried out by

astronomical observatories in the USSR, which network covers the interval from 4 AM to 2 PM

world time. Thus, the very important interval between 3 PM aad 3 AM is left out.

During observations, the

moment of occurrence of a chromo- . ,_
spheric flare is recorded com- ctJ, Z
parativcly rarely, whereas it is o,o6'- ]¢_i _

aetually the beginning of the flare a.o6- | ! l[t_which it is important to compare _' Twith the cosmic-ray data. Taking
the consequent uncertainty into .o, - T- T ' I : _ 1

account, and striving to improve 0,0z -i I i - i" / *

the statistical accuracy of the coo ___1 :
data, we arranged our material h

into sets in such a way that each -¢oz i i
set contained information on

flares observed over a two-hour

period. In this way we had six
sets of data in which the zero

hours related to 7 - 8, 9 - 10,

Ii - 12 AM and 5 - 6 PM local

time at each recording point.

As can be seen from Figures 6

- 14 in the reference [6], during

these hours the observation

points are outside the impact

zones, excluding Moscow and

Sverdlovsk, which are in the 9-

hour impact zone for only a

short period of time. It is

clear from this that during the

analysis we have to limit our-
selves to finding the only pos-

sible meteorological effect of
the flares in the hard components.

This greatly hampers the solu-
tion of the task and in effect

leaves unsolved the question of

the effect of small flares in the

0,0#/- I_

!T <' '

0,03

0.00

T
o,o& -

o,J,

-G -* -£ 0 Z

Hou_

J

T T;i

-_lll

I

'0

Fig. 1

-_ -g 0 J * 6

H_

hard component due to the influx of additional particles from th ._. sun.
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Results

Let us take a look at the results of the analysis. Investigation of the effect from data for

all the points from which the first diurnal variation harmonic has been excluded produces the
results shown in Figure 1. The graphs in Figure 1 reveal a characteristic detail: when there
are chromospheric flares on the sun, there is a maximum of 0.04 - 0.08% in the intensity of the
hard component, and the position of the maximum is hardly dependent at all on the time of ob-
servation of the flare on the sun and is recorded at 1 - 3 PM local time. We will now attempt to

explain this fact.
The appearance of a maximum h_ hard component intensity _'2.

during the afternoon leads to a curious consequence. As pointed
out abovc, it was shown in [2] that chromospheric flares causing 0.o_- ,_ . l
cessation of short wave radio communication ohserved during _:_z-_ 711'_ _'_,l"

the part of the day when it is light (9 AM - 4 PM local time) _. L
leads to a sharp increase in the hard component intensity of _e_" - ,
0.3_ with a subsequent gradual dccrease. On the basis of _e - l

data in Figure 1 we plotted a graph for the intensity of flares
observed from 9 AM to 4 PM local time. The result shown in . , , ,
Figure 2 looks very much like the result in [2], although the j _ z 0 ' _ " _ 8 _

Houri
malsmitude of the effect is almost one order of magnitude
smaller. The reason for this may he that in [21 the chromo- rig.

spheric flares used for analysis
were exceptionally strong in their _ ._

goyscwmosto I
ours had a power of 1 and 1+.
Hence, taking into account the o,¢_,-

positive correlation between the a,os- T
flare power and the magnitude of
the effect in cosmic rays [1], we aa¢-

should not wonder at the dif- _o_-
ference in the effects in Figure '
2 and in 12]. _az-

The gentler increase in in- o,oo-
tensityshown in Figure 2 com-

pared with the sharp increase _ _T

reported in [2] is due to the fact
that it is only in rare cases that _o_ -

the actual moment of origin of qoz -"
the flare is noted; in most cases "J

flaresare°bservedafterthey _ - I_ _t

have occurred. Furthermore,
there are often several flares in

the active region, and the super- o,o* -

imposition of these flares must o.oz -
also lead to a diffused "leading
front" in the curve, when o,oo - ]
analyzing it by the epoch super-
imposition method.

Let us now take a look at
results obtained from data for

which the mean monthlyvaria- ,,,,_._,,,,.,.,.,.0,,,,', ,',',',',',',', ,',''"
tions have been excluded. They -6"-#-,, o ," _ $ • ,g/_te_¢ _ -$-,-z-o 2 • $ # _¢,_/*_m
are shown in Figures 3 and 4. tlou_ ltoua

Figure 3, just as Figure 1, Fig. 3
shows an appreciable maximum in the afternoon, although the quality of the results is much poorer.

The intensity maximum for flares observed from 9 AM to 4 PM (Figure 4) is also less pronounced.
The poorer quality of the results by the second method and the very fact of a stable intensity
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maximum in the hard component in the afternoon, regardless oi the time the flares are observed,

can apparently be explained from a single standpoint.

The flares are closely associated with active regions on th_ _. sun. Hence, the number of

flares is determined by the active regions on the visible hemislhere of the sun and the degree of

activity of these regions. The time taken by the active regions to pass across the visible hemi-

sphere and the period over which their activity develops are c_censive. It may therefore be con-

sidered that the probability of a flare appearing at any moment 9f time during 24 hours is con-

stant. In effect, if it is assumed that the activity of the chrom¢ spheric flares is proportional

to the energy radiated by them per unit of time during the day i:L the hydrogen line Hd, it turns
out that this flare activity index is a slowly varying function of :ime (7). Consequently, if flares

are observed during the evening, the probability of them occur1 ing earlier is considerable. This

conclusion also follows from our data. That is why it is possible to have a stable maximum in

hard component intensity in the daytime during the active periods, provided, of course, it is

assumed that the observed effect is of meteorological origin. As confirmation of this it can be

added that publication [1] shows the existence of a close connection between the flare activity

index and the nuetron intensity increase in impact zones.
The reduction in the clear-cut nature of the effect in

Figures 3 and 4 is explained at the same time. If the

flare activity index is a slowly varying ftmction of time,

the effect of chromospheric flares may even manifest

itself in the value of mean monthly hours. When using

the second method, we weaken this effect to a consider-
able extent, which means that the results are not so

reliable.

Let us take it that the observed increase in the

hard component by 0.04 - 0.08% is the result of the
action of an additional ultraviolet stream of radiation

_': y,

0.o,-

o.oz- T
T

o.oo -

*ZO ef;.n¢OiZlO/Gp 8

H ou.J_l

Fig. 4

emitted by the chromospheric flares in the upper layers of the atmosphere, most probably in the
ozone layer. If it is roughly assumed that the ozone layer is 2C km higher, i.e., that it lies in

the layer 0 - 25 rob, the increase in hard component intensity n ay be explained by a tempera-
ture decrease in this layer by (0.04 - 0.08) %: 0.01% _---"4-8°C [3, _].

It is rather difficult to detect this temperature variation dil ectly from radiosounding data
for the following reasons:

a) radiosounds are sent out only occasionally - 2 - 4 time., in 24 hours;

b) the relative number of radio sounds reaching heights of 25 - 30 km is very small;

c) dispersion of the temperature at these heights due to in: trument errors in the radio

sondes and advective-dynamic processes in the atmosphere.
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Section III

EXTRAATMOSPHERIC VARIATIONS IN COSMIC RAYS AND CERTAIN THEORETICAL PROBLEMS

A. I. Kuz'min

F
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BASIC FEATURES OF SOLAR-DIURNAL VARIATIONS IN COSMIC RAYS

Study of diurnal variations in cosmic ray intensity, I, using crossed telescopes [I], investiga-

tion of the meteorological contribution of the troposphere to the diurnal effect [2] and correla-

tion of the vari.'ttionswith diurnal and geomagnetic activities [I, 3-8] point equally to the extra-

terrestrial origin of the greater part of these variations. So far, however, there is no reliable

information on the effect of diurnal variation in the temperature of the upper layers of the at-

mosphere on the diurnal effect of I. IIence, the ma6mitude of the effect on the earth's surface

and at various levels in the atmosphere is not known.

The determination of the chief characteristics of the diurnal variations in I made by Dorman

[9] suffers from a number of substantial shortcomings. First, it is assumed in the analysis that

the primary variations 6D(e )/D(c ) are the same at different points on the globe. When they ap-

proach the earth, however, primary cosmic rays redistribute themselves as a result of the in-

fluence of the geomagnetic field. Hence, diurnal variations 5D(¢)/D(( ) may be different in dif-

ferent parts of the world, as qas quite right]ypointed out by the author of [9].

Second, Dorman has assumed that the diurnal variations in I do not vary with time (or if

they do, then only slightly). Hence, when determiningenerg_ characteristics, he compares ex-

perimental data relating to different observation periods (1938-1944 and 1950-1954). However,

detailed investigation [3,5] has shown considerable variations in the diurnal variations in I with

the solar activity cycle.

Third, it is assumed without reason [9] that the meteorological contribution does not vary

with the latitude of the observation point. It is therefore both desirable and of interest to check

the results of earlier research on the chief properties of the diurnal variations in I from syn-

chronous observations in various sectors of the cosmic-ray energy spectrum carried out at a

single point.

This article describes the results of processing synchronous cosmic-ray intensity measure-

ments over a wide range of energies from 2 • I09 to 200 • 109 ev recorded by the installations in

Yakutsk (X = 51 ° North, _a = 193o8 ' East) over 1957/1958.*

The hard component in I at the earth's surface is recorded in Yakutsk with ASK-1 and S-2

ionization chambers [10] and semicubic triple-coincidence telescope identical to the telescopes

set up underground at 7, 20 and 60 m water equivalent (w.e.) [ii]. The neutron component in I

is measured with a local-generation neutron monitor [12] developed at NIZMIR [13] and later

improved at the Yakutsk laboratory [14].

Figure 1 shows solar-diurnal variations obtained by averaging annual observation material

from July 1957 to July 1958, making allowance for the barometric effect for each unit separately

(crosses). In order to make the data comparable, the readings for different units have been

averaged for the period over which they were all working at the same time and over which data

was available for complete 24-hour periods.

• The layout of the installations recording the cosmlc-ray intensity at the YBSDAS cosmic-ray

laboratory will be found at the end of this book.
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plitude and time of the first

two harmonic components of _,*

the diurnal variations in
I n measured in different 0z

sectors of the cosmic ray 0,
energy spectrum. Further- M

more, the diurnal variation 0)

in I is shown in Figures 2a at

and 2b which relate to di-

urnal variations in lh before

and after correction for

temperature effect, res-

pectively. The temperature ¢_

effect correction is made by :J

the standard method [9] _l

using temperature reef- 0.:

ficient density curves [9, 0

15] from data of four

soundings of the atmosphere.

The errors shown in Figures'
1 and 2 and contained in

Tables 1 and 2 have been

calculated from mean square
deviations and represent

average errors.

The following designa-
tions are used in Table 1

and below: Ahl Ah- t h and
th2 are the amplitude Lland
time of the maximum of the

first and second harmonic8

for diurnal cosmic-ray

variations taking into ac-
count the barometric ef-

fect; A h v and thw are the
amplitude and time of

maximum of the first har-

The barometric effect was calculated with the aid of the folh,wing factors: 0.65%/mb for the
neutron components [16], 0.11%/mb for the hard component at the earth's surface measured from

ionization [21], 0.13%/mb for the hard component on the earth's surface measured from the num-

ber of particles [15], and 0.10, 0.08 and 0.04%/rob at 7, 20 and _0 m water equivalent,

respectively underground. During the observation period there -ccurred a large number (about 14)

of effective magnetic storms with a pronounced Forbush effect (17), which might have appreciably

distorted the true solar-diurnal variations in I, hence the day th,, storm began and the next day

were discarded from the averaged material. The diurnal curve_ for I obtained in this way are
given in Figure 1 (continuous line).

Table 1 gives the am- 8_.z $_% $3.r.

0.2

I

O._l 3 ,"_

, 02

T.%I. ,
..

_J
02

__5_,zo lo o.,

T,hz.o

3 _0.07

• , !:, ,,

3

• . ._d07
i t .,

_,_,O"P ,' ', SW

3

$3,%
3

.'/2N', _.

3

_¢'i °:°z_._ Z.

"I-o.o_ 7

h_°

Fig. I. Diurnal intemity of various compone_ _ of ccamic rays in 1957-1958.

l - neutron component; 2 - hard component, neasured by Ionization under a "thin"
shield; 3 - hard component, measured by ionLation under a "thick" shield; 4, 5, 6
and 7 - hard component, measuzed from the n,mber of particles on the e_th's sur-
face and underground at a depth of 7, 20, and 60 mete_ (water equivalent). Thin
solid line - intemtty, corrected for the batom, t_ic effect. Thick solid line - pre-
dicted behavior due to diurnal variatiom of tz:nperature in the atmoapher-. Dashed
line - intensity corrected for barometric and t_mperature effects.monic taking into account

the barometric and temperature effects.

If the diurnal variations in I obtained from observations with different installations are com-

pared, the following characteristics can be observed:

1) The diurnal variations in I obtained by averaging annual n aterial before and after ex-
clusion of the Forbush effect [17] differ appreciably one .from the _ther. It is therefore essential

to take the Forbush effect into account when studying these variat ons.

2) The nature of the diurnal variations in I with an increase n energy of the recorded particle_

does not vary to any appreciable extent. Nevertheless, the amplitude of the variations before the

temperature effect is taken into account is not greater than the corresponding value measured

F
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underground at 7 and 20 m. w. e., while the time of the maximum with an increase in recorded

particle energy shifts to later hours, t2

3) The correction for temperature effect

substantially increases the amplitude of diurnal
variations in the hard component measured at the

earth's surface and at 7 m.w.e., but does not (-_,_i

alter the nature of the shift in the time of the _-_

maximum with the increase in energy. The am-

plitude of diurnal 5Inw after barometric and
temperature effects have been taken into account

decreases considerably with an increase in the /a 6

energy of the recorded particles.

4) The amplitude of the diurnal component
of the diurnal variations in the hard component of

I, measured from the number of particles, is ap-

proximately double the corresponding variations

in intensity by ionization before the temperature
effect is taken into account, and approximately

1.3 larger after it has been taken into account.

5) The amplitude and time of maximum of the

semidiurnal component in the diurnal variations
in I does not undergo any appreciable change with

an increase in recorded particle energy.
The substantial difference between the am- 1z

plitude of the diurnal variations in the hard com-

ponent measured at the earth's surface from ( _'_

ionization and the amplitude measured from the I"number of particles maybe due to the following (_._

facts. First, the ionization chamber collects

radiation with a solid angle m = 2 n , whereas

for the semicubic telescope the angle is _ --_.

Second, an ionization chamber screened with

10 cm Pb records the total ionization produced 1_'

by _ -mesons and equilibrium particles in the

soft component [18], and, possibly, also by

particles of another nature (neutrons), whereas

the telescope does not record "accompanying"

particles or neutrons. Since the equilibrium

soft component increases with an increase in

w-meson energy [22], the mean energy l_ of the
particles recorded by the ionization chamber may rO_.

be greater than the corresponding mean energy

for particles recorded with the telescope, b
It is clear from the general trend in the Fig. 2. Harmonic dial of diurnal variatlom, a - ac-counted for the barome_'ic effect; b - accounted for the

change of the diurnal variations in hard com- basometrlc and temperature effectS, i - neutron com-

ponent with depth, after correction for meteoro- poncnt: 2 - hard component, measured by lortlzatlcll; 3.

logical effects, that the ionization chamber 4, 5 and 6 - hard component measuzed from the numberof particles on the earth's zurface and underground at a
located on the earth's surface at a latitude _. = depth of 7, 20 and 60 meters (water equivalent).
51", corresponds, on the average, to a semi-

cubic telescope at a depth of 7 m.w.e, below ground at the same latitude. Thus, the difference in

the mean particle energies for the hard component at the earth's surface recorded with an ioniza-

tion chamber and a counter telescope is from 2 to 3 Bey. Clearly, this difference in mean is-

meson energies is due to the difference between the _t :meson energy spectrum at sea level and

the corresponding ionization spectrum. The ionization spectrum is considerably harder than the

true la -meson energy spectrum.
It should be pointed out that the diurnal variations in the hard component (prior to correction

for temperature effect) on the earth's surface are not greater than the corresponding variations
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Table 1

Amplitude and time of maximum for first two harmonics in diurnal variations of I mess-

Meteorological

effects taken

into account

m

T_ddng barometric
effect into accour

T akinR baromevr tc
and Re mpe rature
effec" into ac-
count

ured by different installations

Ah,,

fh,, hi',

&hm. O/_

th, ' ['Lt.

Ah?dV, %

taW, hr.

).2S±
..0,03

+0,5

0,28±
-0,03

_4,4±
:t:o,5

Hard component

on earth's surface

loniza- Send-

tlon cubic

chamber tele-

scope

_0,0_ ,, 16oJF_O,Ot:
i3.6± 15,_-.i
-FO,i 2:0,5

o,o9::t
LO,OI:

9,28± o,_j
-0,03 -i-O,O

i,,,o+ l_
+0,5 =1=o,_

H_d component at

depth of

7m 20m

W. e, W. e,

).17_- ),18±
±o,b2 t:o,o2

t5,24- 15.7_z
+0,6 -t-o,6
),03;_: ),o5±
+o,0; 4-o,o2

9,6± 7,3
±2,o _i._

),27_ ,180±o,o;. kO,O_5

14 z,-. 15,4:t::
±o,6 ±0,7

60rn

W* e,

o,o5±
+0,02

18,2:t:
±1,2

o,oaj:
±0,02

8,0±
±2,0

0.05±
+O,02
16.2±
,+I ,2
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7 and 20 m.w.e, below ground. It follows directly from this that the diurnal variations in I are

not due to a temperature effect. Indeed, if they had been due to the temperature effect of the la
mesons, the greatest variations would have been observed on the earth's surface, and as their
mean energy increased, they would have decreased proportionally to 1/E. In actual fact, the
experimental data in Table 1 show that hard diurnal variations on the earth's surface before the

temperature correction are not greater than the corresponding va ciations at 7 and 20 m.w.e.
below ground. This relationship between these diurnal variations in I and the p -meson energy
shows that the atmospheric part of these variations due to a negative temperature effect decreases
with depth at a much faster rate than the part of the diurnal variat ions which are not due to at-

mospheric factors, and that in actual fact there is merely "maski lg" of the true diurnal varia-
tions. In this way, despite what has been assumed {23], the diurr al variations in the _ -meson
component of I on the earth's surface are masked to a high degree by the diurnal changes in
temperature of the free atmosphere [2] and are not of atmospheri,: origin.

The reduction in the amplitude of the diurnal variations of the p -meson component in I with
an increase in the mean energy of the particles recorded tallies _ith out earlier results [20] and
shows that the primary particle spectrum responsible for these v;Lriations in considerably softer
than the spectrum for the whole stream. Since diurnal variations in I are observed at 60 m.w.e.
underground, their spectrum stretches at least as far as 200 Bey More detailed information on
the spectrum of primary diurnal variations in I can only be obtain }d with the aid of coupling
factors [9] which are given for our installation in [19]. These factors were used to calculate the
expected diurnal variations in I for some trial spectra.

: I. whenO, when E < ¢1

where c_ < 0. It is obvious that in a spectrum of the type E_< 0, because the diurnal variations
in I decrease with an increase in energy of the recorded particles.

The results of the calculation and the experimental values ar*; given in Table 2. It is clear
from this table that the material does not contradict the assumpti-n with regard to the spectrum
that

_o(,) i= _a-,a*.m. when _ >_]
10,' when(< _1
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reduced at E 1 = 10 to 15 Bey. The best agTeement (with a more symmetrical distribution of the

experimentnl errors) is found for c_ = -0.7 at a = 0.050 and ¢1 = 12 Bev. The certain dis-

crepancy betnveen the experimental and predicted values cannot be eliminated by a further as-

sumption regarding reduction of upper spectrum or other modification of the spectrum. Indeed,

since the diurnal variations in I decrease with an increase in energy, their energy spectrum must

decrease. Spectra of the type _/) ('! 10 (,}
D (,) - eonst or _ = as -_.6 contradict observations at any (1

because of the irapossibility of agreement with the neutron or hard components at the earth's

surface or with data from underground measurements at 20 and 60 m.w.e, Hence, it can be

considered as a first approximation that the diurnal variations in I are described by a spectrum

of the type

_D{,) laG-l.0, when 3 _ El,

D(,) -- j 0, when _ <E_.

Table 2

Predicted and experimental values of amplitude of diurnal variations in I (in %) at geo-

magnetic latitude. ;_ : 51 North.

Atsurnption regarding nature of

energy =pcctrum

_D(,) [l,-0,7,whm= > 0_

_'_-_-t) + _0.when *<*t

_D(*} [ s0-, when t>0_
©| 0, when =<,_

I_D(*)_ ,l'a*-1.2,whcno:>o
D(¢) --I0. when .<o,

Experiment

h=5 Bey; a =0,0406

; ot = 7,5; a = 0,0430

*1 = 10; a = 0,0452

¢t = 15, a == 0,052

[s, = 5.ea = 0,113

II1-- 7,5; a=0,12

¢t = 10; a = 0.13

o,= 15:a=0,t55

ot = 15; a:=0,21

ot =7.5, a =0,237

el = 10 a = 0,259

o_ = 151 . = 0,3!

tt_d component

Below ground at
(m w.e.)

loniz, pattie
no,

/)7'4

O, Oh4

0,087

N,IOA

o.a4/,

().047

()05

, i10_5

c_ 037

!).043

O,047
b,056

).,_5_+
• _.D2

Atc_ = -1.0 the best values are a= 0,155 and _ = 15 Bey.

Thus, the variations are due to particles of fairly high energies, which is in agreement with

the lack of any appreciable relationship between the diurnal variations and latitude.

It is clear from Table 2 that at a = 0.155 the predicted results agree well with the exl)eriment

in the case of cosmic rays on the earth's surface or at only 7 m. w. e. below ground. At 20 and

60 m. w.e. we observe a systematic discrepancy between experimental and predicted effects.

This may be due to the fact that the strength of the source a has a tendency to vary with energy,

firstly, because of the variation in the effective exponent in the differential energy spectrum of

the undisturbed primary cosmic-ray stream with an increase in energy, and, secondly, because

of the energy relationship between the angular dimensions of the source in a plane perpendicular

to the plane of the ecliptic.

In order to consider these possibilities, however, the direction of the effective source of the
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variations has to be determined. The direction of the motion of particles outside the earth's

mag'netie field is determined by the angles _ (the angle between _he direction of the particle
motion in infinity ,and the plane of the geomagnetic equator) and ¢ {angle between projection of
direction of particle motion in infinity onto geomagnetic equator plane and projection onto same
plane of a radius-vector drawn through center of earth to the point on its surface where the
particle must strike). These angles are a function of ¢ . In view of the fact that the earth's
magnetic field [n some way redistributes the anisotropic particle stream, according to Dorman
[9] we will only calculate the effective _ and ¢ ;

Table 3. Location of source of diurnal variatioas in cosmic rays

Component and ob-
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The direction of the diurnal variation source is then detern ined with the aid of these values

and _. The direction of the source is determined [9] from the formula

_= _'+ il,,, -- f::). V<,

where t m is the moment of the diurnal variation maximum in lo:al time, and _ is the effective
drift (projection) angle.

When calculating _ and _ we used the experimental value. _, of ¢(e) and ¢(() [24]. The

results are given in Table 3.
It is clear from this table that the entire set of experiment;d data for the period July 1957 to

July 1958 for diurnal variations in cosmic rays at one point with an energy range from 2 to 200

Bev results in approximately the same value of _. The mean "or all data is x = (66 ± 11) °. The
effective value of the angle 4* increases with the energy of the recorded particles, reaching 50 °

at 60 m.w.e. It is clear from this that the source has considezable angular dimensions in a

plane perpendicular to the plane of the ecliptic.

Table 2 shows the predicted amplitudes of diurnal variatior.s on the assumption that the

strength and the source are the same for the entire energy range. Comparison of experimental

data with expected values at c_ = - 1.0 shows that despite the agreement within the limits of ex-

perimental errors, the observed variations in $ I, beginning at a level of 7 m.w.e, are

systematically smaller than expected, ttence the strength of the source remains unchanged with-

in @ angles from 20 to 30 °, and constitutes

a(20-' :_0")=0,155 Bey.

On the other hand, Table 2 shows that during measuremento at 20 and 60 m. w. e., the pre-

dicted variations in $ I are greater than the experimental data !,y a factor of 1.3 - 1.5. It

ensures from this that the strength of the source in the region ¢, = 45 to 50 °, which is mainly

responsible for particles causing diurnal variations in I underg:.'ound at latitude k = 51 °, should

be approximately 1.5 times smaller than in the region 4, = 20 - 30 °. Consequently, the coef-

ficient a in the region @= 45 to 50 ° should be a(50) = 0.11.

The diurnal variation spectrum

_D(a) = Ja¢ -_°, when s:>e_,

D(I) /0, when s_e z

does not differ from the variation spectrum, which is due to electric fields of a solar corpuscular

stream. Dorman [9] has shown that the spectrum due both to retardation and acceleration of

primary stream particles as well as reflection by electric field _ takes the same form.

Z,D(*) a
_-%5" = _,- .

If the diurnal variations are really due to the electric field:, of the stream, the slight dif-

ference in the source strength a(50 _) determined from the neutr m component and a(50 _) deter-

mined from underground data, may be evidence of the fact that :he strength of the source may

increase considerably with energy. Indeed, the total relative v lriation in the energy spectrum
for particles when passing through a stream, taking into accour t the stream's size and its ef-

fectiveness [9], is

lr,D(e) _ 2_r(._ __. |-A¢D (_) )-_- '

where l_ is the solid angle covered by the stream, "/ is the exp)nent in the exponential prime

stream energy spectrum, AE is the maximum possible variatiol when intersecting the stream,

and r_< 1. It is known from a number of experiments [25] that the exponent V increases with an
increased energy. Thus, according to [25], the effective value of _/for a region of several tens

of Bey is --_-2, and _3 for several hundred Bey.

It is clear from this that when going from ground measurer rants to underground measurements,

the strength of the source must somehow be increased by a fact)r of 1.3. If we take this into ac-

count, the slight discrepancy in the amplitude of the predicted _nd observed diurnal variations in

the net_tron component on Heiss Island is eliminated, and the sirength of the source in the region
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_, = 45 - 50 ° will be less than in ¢p - 20 - 30 ° by a factor of approximately 1.8 [a(50 °) : 0.08].

Thus, the basic properties of the diurnal variations derived from ex_mrimental data ob-

tained with a recording apparatus at one point do not clash with views regarding modulation of

the primary stream by solar corpuscular streams [9].
The results can be summed up in the following way:

1. Solar-diurnal variations in the hard component of I are masked to a high degree by

temperature variations in the atmosphere.

2. The principal properties of the diurnM variations in I from 1957 to 1958 do not contradict

the views regarding the modulation of cosmic rays by solar corpuscular streams carrying a

frozen magnetic field [9], where 1H = 5. 107 cm • gauss.
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A. I. Kuz'min,V. D.SokolovandG.V.sharer

TWENTY SEVEN-DAY VARIATIONS IN COSMIC RAY INTENSITY

When studying twenty seven-day variations in cosmic ray it.tensity it is important to take

proper note of the effect of the corresponding variations in meteorological factors, which

evidently play a considerable role, particularly when the solar activity is at a minimum [1]. In

previous publications [2-6] the effect of meteorological factors _n twenty-seven-day variations

was either not taken into account at all, or not correctly calculated, while in [1] the temperature

effect was only calculated for a limited layer of atmosphere. This latter fact is due to the fact

that radio sounding of the atmosphere can only be carried out fairly reliably and systematically

to a certain ceiling (12 - 15 kin). Hence the part played by the '_tpper layers of the atmosphere

is still obscure. There are indications, however, [7] that twen'y seven-day variations in

temperature are possible in the oz.onosphere md that they may cause the observed effects. Both

to check this hypothesis put forward by Roka [7] as well as to e_lculate the primary variations
in 6 I in addition to data for I at the earth's surface, we have to have data on cosmic ray

measurements at a depth of at least 40 m. w.e. below ground [8].

This communication gives the results of synchronous measurements of 27-day variations in

cosmic rays at one point (Yakutsk) at the earth's surface and below ground over the years 1957-

1958, and an attempt is made to determine the primary 27-day variations in I.

Experimental data for _ I were obtained with a standard neutron monitor [9] an ASK-1

ionization chamber [9] and semi-cubic telescopes set up at different levels below ground [11]. For

the analysis we used measurements of I from July 1957 through July 1958 in the form of mean

diurnal 6 Ip. The expected variations in intensity 6 N u , conditioned by variations in tempera-
ture of the free atmosphere according to Feynberg-Dorman [8], were calculated for the same

period from temperature soundings of the atmosphere over Yak ttsk. The radio sounding was

made by the Yakutsk Weather Service three times in 24 hours; tae mean 6 N _ was taken as the
mean diurnal. The expected variations in _ N _ are calculated taking into account a tempera-

ture section of the atmosphere from the earth's surface to a pressure level of 50 mb.

The barometric effect in 61 was taken into account with the aid of constant coefficients; for

the neutron monitor C_p = -0.68%/mb [12]; for the hard component at the earth's surface crp =

-0.11%/mb [13]; for the hard component at 20 m w.e. underground ap = -0.08%/rob and at 60
m w.e. = 0.04%/mb I14].

Figure 1 shows the results worked out in the form of differ, nee curves by the epoch super-

imposition method on the basis of the continous recording of different cosmic ray components in

Yakutsk. It follows from these curves that the mean amplitude mean for 3 first peaks) of the

27-day variations in I is (1.35 +- 0.05)% at sea level for neutrons, and (0.52+- 0.05)% and (0.33 :t

0.05)% for _-mesons with barometric correction and correction ; fo_ barometric and temperature

effects, respectively. The 27-day variations were also traced _nderground at depths of 20 and

60 m.w.e., where the mean amplitude was (0.24- + 0.06)% and (0 13-+ 0.03)%, respectively.

All the curves are of the nature of damped oscillations: eat h succeeding peak is approxi-

mately half the previous one.

It follows directly from Figure 1 that the 27--day variations in I over the period July 1958

through July 1958 cannot be reduced to atmospheric effects. Inc eed, making allowance for

temperature variations from the earth's surface to a 50 mb level only reduces the hard component

amplitude at the earth's surface by 0.2%, and does not make any contribution to the observed

variations at 20 and 60 m. w. e., either.

If we agree with Roka [7] that there are considerable 27--da_ temperature variations in the

ozone layer (0 - 25 rob), and that they completely are responsib e for 27--day variations at 60 m.

w.e., in accordance with the temperature coefficient density at this depth, ± 0.014% per l'C,
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weshouldexpectanincreaseintemperatureduringthepeakperiodsofthe27--daywaveby20-
30"C.

Variationofthiskindintemperaturewouldcause _[ 1
2o .... T " - • ---

variation in the hard component intensity I on the so I_L[\ /t-_'- //_, l_

earth's surface of not more than 0.2 - 0.3%, and

not more than 0.06 - 0.1% at a depth of 20 m w.e., ' :
but with a phase opposite to that observed. At the _o \ _ / C'_ i

same time, the presence of similar temperature _ \ / \ // vx._ I

variations would not have a marked influence on I _.J---t---kt---- i: ........... 1.... I
the intensity of the neutron component [8]. Thus we l - /h f_ }:_o: : '
are unable to explain the 27-day variations in I by

ehanges in temperature in the upper layers of the aiT!'ll' /_'_1 .......Z-/I_ --'_ ]
atmosphere. We can only assume that they are /_______ i" _
basically of non-atmospheric origin. _ __

It is clear from Figure 2, which shows the __

mean diurnal intensities of the neutron and hard _. i \ / ; _/-- ....._ --!. ....

component at the earth's surface, that the zero _ ,l i _// _ ___ i._!-'f__ i_ -Z

days selected with minimal I coincide with ef- _ o' L \ i_"_ _,\ _ _ _
fective magnetic storm periods. This shows the ' -7" " u_,Fj • v _ ,
possibility that the 27-day variations in I and the _ i I -'_--

tendencytowardsa27-day repetition of the ef- _ ,z \ _/-: .... _:__.:----:_---_fective magnetic storms [16] have a common source

of disturbance. Whether this assumption is right _ :\ . t-'cos , ____

ornotcanbecheckedbycomparingtheexperi- i
mental ratios of the 27-day variations for different 0

Table 1.components inIwiththe ratio of the mean reduc- _ _f-__t-_i_t,

tion in intensity of these components during effec- - z

tive magnetic storms. They, can be found in

l_\ -/1-It is quite clear from Table 1 that the ratios _.a ! --'-_-:_-_ --

of the amplitudes of the 27-day variations for dif- _k._ f_., , _ _ ./_ ^_ z(, r

ferent I components are really very close to the '_ I-- _-J I''J -v i _-_// "L/
ratios of the mean reduction in the corresponding I -_z ........ _- !components during effective magnetic storms. With- i
in the limits of experimental error it can be asserted _ 5, 8,

that the 27-day variations and the reduction effect

during magnetic storms are of the same nature.

The following should also be pointed out at

this juncture. Since the 27--day variations in I

have a marked amplitude below ground at least to

a depth of 20 m w.e., it follows directly that the

spectrum of the primary variations in I certainly

stretches beyond an energy of 80 Bey.
Table 2 gives the results of the calculation of

Table 1

i

Neutron moni-
tor

ASK-I (sJpts')

Fzom data for 2"l-day

Val'iitlOns.............

From data for effect d_-

lng magnetic storm,....

4±0,8

3,$

Time, in days

Fig. I. Difference curves of 2"/-day variations in
co6mic ray intemtty from July, 1957 to May, 1958,
in Yakumk. I - neutron component corrected for baro-
metric pressure, II - hard component on the surface of
the earth, corrected for preSsure, nl - hard component
on the surface of the earth, corrected for pressure and
temperature, IV - ha_d component, underground, at a
depth of 20 m w.e., corrected for preuure; V - hard
component underground, at a depth of 60 m w.e., cot-
rected lot preSsure.

Telescope 20 Telescope60
m W.e. m W.e.

' ASK-I ASK-I

0,73:J:0,3 0,4-[-0.15

0,69 0,27
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predictedrelationshipsbe- ¢o I '

tween the variations in I o.a '1
with different assumptions /_f_ /_

with regard to the primary -t.a

variation spectrum.
Since the 27-day varia- -z.a

tions decrease as the mean _'= -s.o

particle energy increases, -
the variation in the pri- _ -_.a

mary spectrum 6 D(E )/D(e )

can only be satisfied by _ [1

those exponential spect ca __ "° ____ 1_za

of the type E c_ for which _, _ :
t_ < 0. The calculations _ :_o

were made on the basis of
a coupling factors [8] for
the installations described

in [16]. _ m
It is clear from Table 2

that the experimental re-
sults (mean for first three

Table 2.

J[

¢ ri I

a" • o ,127 1 Jr' _ M

ts$_ _$# Monthl

Fig. 2. Mean diurnal valu_ of cosmic-ray tnremlty. I - hard component on th,_

surface of the earth, corrected for pressure and temperature; D - neuron compormnK

corrected for pressure.

Predicted and experimental results of twenty-sev, m-day variations in I.

Test ipecu't_m Bey.
!(A -i) (A_K-I) (ASK-l)

f
6

7

52:)(t) I -- a. _hent < 'i

--Dt, i ffi I ' o, when, >¢,

r_Dtt) [ ac ,,when s < 'i

-DI_)- =' ]., when. > .t

_D(E) [ .t ('S when c > t,

D_ " 1 ,,, when.. ,,

ID(z) t .c 0 ; when..__.__ ffi '>'L• wheat< ,,

F-xperlment. ........

tSO 1,2(i L!17 O. 14

22(_ 1,21 1,!,9 0,31

26o 1,20 L _.l!_ 0,43

(;ll :_,8 ,,_i 0,(10

llO :_ 50 ),21 O,fK)

14tl 3, '_ _,31 li02

I'_ 3 ',_ L3fi 0,06

22h 3, h_ L 37 I), 06

21;*) 2_, 'd4 137 (3.09

._l) 2)*2 ),7] (_, 1,2

:,,il _' ,2", ],73 _1,,',2

7 ,tl 2,53 i.71 0,41

!_,t) 2.7'_ Lfi!¢ 0,3q

I I,t_ 2,_3 L65 0,37

I:, (_ -', :_7 ),'_6 0,31

21_0 2,70 _',ll 0,28

_ :" .1i2 p+(;I 1),28

5 3,27, ),7,!1 0.27

7 :L75 L55 0,25

_.1 ,i, In ),:,} 0,23

| I 4,1') L.i'_ 0,20

13 "_ ill ),A; 0 17

15 :t,ST, _:_,:1 0 13

2o :t, 31i ).31, f},13

4,)fl tl 8 t _ !.fO,:l 0 '_J 0,15
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periods) do not agree with the assumption that 5D(( )/D(c ) = const with a reduction at E 1 =

40 to 600 Bey, but do not belie the spectrum

ia_-(_,l.-_.T;•

More accurate data for _ can be obtained by increasing the accuracy of the experiment. It

should be pointed out this spectrum does not agree quantitatively, but qualitatively it does not

contradict the assumptions with regard to the nature of the 27-day variations in I expressed in

[8].
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G. I. Freydman and G. V. Shahr

SOME RESULTS OF COMPARING NEUTRON AND HARD CO ¢IPONENT VARIATIONS

DURING THE PERIOD, AUGUST - OCTOBER, 1957

Considerable variations in cosmic ray intensity were observed during the period from August

to October, 1957. During this time two ionization chambers (ASK-1 with a volume of 950 liters

at 10 atmospheres of pressure, with a lead screen 10 cm thick and roofing----120 g/era2; and a

S-2 with a 20 liter volume at 50 atm, with a 10 cm lead screen and roofmg,.,-t20 g/em z) and a
standard neutron monitor were operating continuously under a roofing of 50 - 100 g/cm z.

Graphs of the mean diurnal readings for these instruments corrected for atmospheric ef-

fects are shown in Figure 1. Magnetic storms with a sudden beginning are also shown. The
storm data was received from the Yakutsk magnetic station.

I

ca .. Jk .'_ ix. _ ¢" _ o r _ , . _

0. ruly, _"t _' AuguJt--' _¢¢ \_ _ Sepmmhetl _, f , _October _,t,days

-,:3 "_U _ _ ,,.,,4 _X , '+. '^JX'. _ .',' : j'x,\_.,

,-_<, v" t t// _ " is. I" ]

- a.#3- -_o ,_ ...
-9.0

Fig. 1. Mean diurnal intensity of neutron and hard components, corrected for the ,arometxie effect, during July - October,
1957. -©--C--O-- neutron monitor, --o--o- •--- ASK-1 chamber, ^-×-_ S-2chamber. -

periods of magaetle storms.

It is clear from the graphs that from August to October, 1957, except for three, all the

storms with a sudden beginning were accompanied by a more or less sharp reduction in cosmic

ray intensity. Furthermore, from August 16 - 29 there was a slo_ variation in intensity, ap-

parently due to a variation in the intensity of the primary spectrur _. The smooth rise in the

readings shown by the neutron monitor and S-2 chamber from the _eginning of October to October

20 were not accompanied by any such change in the ASK-readings. The reason for this dis-

crepancy is not clear. It may be due to instrument errors, although they worked perfectly during

this period.

Table 1 gives the basic characteristics of the cosmic ray inte tsity reductions and accompany-

ing magnetic storms. Column 3 shows the time of the beginning _td end of the steepest decrease

in ASK-1 readings, corrected for collisions and barometric effect and column 4 shows the rate

of this decrease. For the storms on August 3, September 29 and October 21 the rate at which the

intensity was reduced is of the same nature, while it is greater by a factor of 4 or 5 in the case of

the storm on August 29. It should be pointed out, however, that tie figures given in the third and

fourth columns do not describe the rate and continuity of the initia: phase in the intensity drop

completely objectively, since it was not possible to separate the lx tal drop in intensity from
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diurnal variations which were probably growing at thattime on the basis of data from one station.

Table 1

Delete in A._ u

T_ne of begin- C_acu_ot TLrDe o f _ rne_n_n'_ P_i['_ 0[*d_u[- _ _ _*_ *_

nlng and end of magnetic linear u _'_ _"
magnetic storm Itorm deaease _ nal values b.'_p.._p

Ip. tV _Y _ c:

o_. %,v _ o
-,.. _.'_ _,_

' X ' 43.VIII, 16.0(0- 4 _lll. u 25 ,, _ ! I,X 2,7 IO0--
4.VIII, 4 hr$ SmaLl 8 I_ I_s i 2 120 Days

29 VIII, 19.21-- Larg e
30.VIII. 13

131X. _OC,-- Very

14.1X, 19hrs laxge

2t.IX. 1010-- Very

25.]X, 17 _ large

29.1X, _J.15- Very
X. l0 hrs large

10-12

29.V111, 1,25 (7)) Z.3 2,8 100 Days
2I - 23 hrs D,2 1211

(1 -
-- 1,5)_, ILR 1,2- 170 -

r),2 2.0 300

-- 6,5). 2,2 2,0 15_--I G'8
_L2 I_ DaD

29.1X. ¢1 '2 4 0 t I 5 2.u 121} 3-5
I;-- 17 h_ _1,2 2(t 2,7 17_ Days

2I.X. 22.4t- {_
23 X. 14 ha Days

Columns 5 and 6 in Table 1 show the greatest drop in mean diurnal readings in the neutron

monitor corrected for pressure/barometric factor Kp : (-0.68 -+0.01)%/rob , and the ionization
chambers corrected for collisionsand barometric and temperature effects. The barometric
factor for the ASK-1 chamber is (-0.11:I:0.01)%/mb and (-0.14 +0.01)%/rob for the S-2. The
temperature corrections were made by the Feynberg-Dorman method taking intoaccount the
atmosphere's temperature section up to a pressure levelof 50 rob. The seventh column shows
the ratios of the figures contained in the fifthand sixthcolumns.

Column 8 shows the effectiveupper limitof the intensityreduction calculated on the assump-
tionthatthe variationspectrum is in the form given in reference [1]

-/9(') = 'i 0 at _ _ s,,,,_

It is clear from Table 1 that the difference ¢ exceeds possible errors in the case of cer-
tain storms. Consequently it may be considered _aa_the effective upper limit of the reduction in
cosmic ray intensity during August - October 1957, changes from one storm to another within
several tens of Bey, remaining above 90.

The ratio 6 Np/$ Ii_ w for the smooth variation in cosmic ray intensity from August 16 - 29
is 2.7 - 3.5, i.e. ,-in this case 80 Bey,< Cmax_ 120 Bey.

Thus, from August - October 1957, there were both smooth and sudden changes in intensity in
the energy interval with an effective upper limit of at least 80 Bey.

From data contained in [2,3] the ratio between the variations in the neutron monitor readings
in climax and the ionization chamber readings in Freyberg from June - October 1951 was from 4

to 5. If it is considered that these publications quote neutron component data at mountain level,
we can see that in 1951 variations in the primary spectrum occurred over an energy interval with
an effective upper limit of not more than 80 - 90 Bey.

By comparing _ max for variations in 1951 and 1957 we can see that during the period over

which _solar activity increased, cosmic ray intensity variations occurred over a wider energy



interval than when there is a decrease in solar activity. It should be pointed out, however, that

the increase in • may not be due to an expansion of the enez gy interval for particles acted

on by the mechanmm ax reducing the cosmic ray intensity, but to _ variation in the type of primary

spectrum in 1957 compared with that in 1951, or to some discrepancy in the coupling factors used

to evaluate E max.
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Fig. 2. Variations of various comLx2nen_ aver.a_ed
for the periods ofmagnetic storms; 3 August. _'u
Aug_z and 21 October of 1957.
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Fig. 3. Diurnal intemity of the hard com-
ponent, corrected fo¢ the barome_lc effect.
averaged fo_ pcr/ods: A - slow recovery after
magnetic storm. B - d_Lrtngquiet dayn before
"Jle storm.

Figure 2 shows the variation of a, which describes the effectiveness of the mechanism

responsible for the intensity reduction, and the ratios of the redaction in the neutron monitor

readings to the S-2 chamber readings averaged for three cases ¢,f extensive reductions

(August 3 and 29, and October 21). As the zero day we chose th.' day preceeding the commence-

ment of the reduction. It follows from the data in Figure 2 that Lt the same time as the reduction

in the effectiveness of the mechanism responsible for the fall in cosmic ray intensity there is

also a reduction in the effective limit of energies of particles exgeriencing the mechanism.

It is not possible to elucidate the variation in the properties of diurnal variations over the

first two or three days after the sudden drop in intensitybegins _m the basis of data from only

one station. But data from one station is enough to draw certain conclusions with regard to
the diurnal variations during the period over which the intensity is smoothly restored. Figure 3

shows diurnal variations in hard component intensity measured with an ASK-1 ionization chamber,

corrected for ionization collisions, barometric effects and the n,m-cyclic effect, which was con-

sidered linear. The curve A is obtained by averaging data for tte periods from January 24 to

27, August 31 to September 2, October 1 to 2, and October 24 to 27, i.e., the periods when the

intensity was slowly being restored two to three days after the b,..ginning of the sharp drop. The

curve B is obtained by averaging for the periods January 17 - 20, August 26 - 28 and October 15 -

20, i.e., on relatively calm days preceeding the sharp intensity drops.

It is clear from Figure 3 that in these four cases, over the :irst 2 - 4 days after the intensity

had begun to recover, the amplitude of the diurnal variations of _;lobal intensity in hard component

is smaller by several times than on preceeding calm days. However, during the drop of August
4, during the period August 7 - 10, the diurnal variations in harci component did not decrease in

amplitude, but rather there was a sharp change in the maximum time (8 - 10 hours local time

instead of 12 - 16 hours). This is also confirmed by the neutron monitor. As a result of the

small statistical accuracy of the neutron monitor data, however, a detailed comparison of the

variations in the properties of diurnal variations in neutron and Lard eqmponents cannot be made.
From the five cases considered we can make the following t_ ntative suggestions:

1. For the first two to four days after the intensity of the cc stoic rays begins to gradually re-

cover, i.e., two to four days after the sudden drop, the nature of the diurnal variations sharply
changes compared with the calm days.

2. The variatmn in the nature of the diurnal variations may be different for different cases.
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A. I. Kuz'min and G. V. Skripir

REDUCED INTENSITY OF COSMIC RAYS DURING MAGNETIC STORMS

Reports that a reduction in cosmic ray intensity was observe,! during certain magnetic storms

began to come in at the time when the first experimental material had been obtained from con-

tinuous recording of the intensity of the p-meson component in c(,smic rays [1, 2]. It was

noticed [3, 4] that during effective magnetic storms a sharp reduclion was typical, followed by a

comparatively slow several-day-long recovery of the normal level.

It was shown in 1937 for the first time [5] that this effect was of a world-wide nature. The

magnitude of the effect [3 - 8%] for the neutron and hard components at sea level, and also its

world-wide nature show [6,7] the clearly non-atmospheric origin.

More thorough statistical study of observations in cosmic ray intensity over a period of

about 30 years has shown the following interesting statistical regularities in the reduction in

intensity during magnetic storms.

1. If the intensity of the cosmic rays changes during magnetic storms, this change is only

of the nature of a decrease. The intensity first falls for 15 - 40 lcours, after which it recovers

its normal level in 4 - 6 days [8].

2. There is no simple connection between variations in the e trth's magnetic field and the

corresponding changes in cosmic ray intensity [8].

3. Brief magnetic storms normally only cause slight variati( ns in cosmic ray intensity [8].

4. Most magnetic storms during which the variation in cosm c ray intensity was more than

1% at two stations at least can be classed as strong and very strolg magnetic storms [7].

5. Most effective magnetic storms have a sudden beginning [9].

6. if a considerable cosmic ray effect is observed during a rmgnetic storm at any station
(let us say 1%), we may fully expect it to be detected at other stat ons as well, i.e., it will be of

a world-wide nature, and the magnitude will not be a function of tl e geomagnetic latitude [7].

7. Storms accompanied by an appreciable decrease in cosmic' ray intensity correlate

closely with the passage of a group of sunspots [9] through the central meridian.

8. Most meteorological effects increase the true reduction il the hard component intensity
[I0].

It should be pointed out that all these regularities have been brought to light on the basis of

experimental data on cosmic ray intensity obtained with the aid of instruments at sea level and

above at different geomagnetic latitudes and longitudes. Thus, it ass only been possible to obtain

information on the behavior of primary particles with an energy u',J to 15 Bev. Until recently the

following questions remained open:

i) what was the upper limit and 2) what was the energy spectr_n of particles subjected to the

cosmic ray effect during magnetic storms.

The first attempt to answer these questions was made by L. I. Dorman [11]. Using coupling
factors, it is possible to determine the type of primary particle e1_ergy spectrum from the ob-

served variations in secondary component intensity by using the fcrmula

_D(,) [ --a, when _¢1_40 Bey

9_(a)- = I 0, when E_E|_40 Be',, (I)

i.e., during effective magnetic storms primary particles with an 3nerg'y up to 40 Bey are

eliminated. This result fits in with Dorman's view that the scattering of the primary particles in

the cosmic rays is due to frozen magnetic fields of solar corpusctlar streams. In his latest

research, Dorman [12] confirms this result on the basis of mater: al from a large number of
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stations recording neutron and hard components at sea level.

This evaluaU_on is a rough approximation, since it has been obtained from experimental data

for the cosmic ray intensity _-$J_
in the stratosphere and at

two different latitudes pro-

riding information on the

energy spectrum of pri- _oo

mary rays in the region z_
less than 15 Bey. Further- z3o

more, as one of the a0 ° 1% la_
authors of the present Equator

article has shown [13], 30o S.laL
the coupling factors used to
obtain this result are

unreliable.

The series of observa- a

tions of cosmic ray intensity -/

over the range of middle 1

energies from 20 to 400 Bey, o

completed in Yakutsk by the

beginning of the IGY, and

new coupling factors make it
possible to make a more ac-

curate determination of the e

upper limit and of the o

energy type of primary -2

particles which have under-

gone the effect of magnetic

storms, and to bring to light
certain regularities in tho

cosmic ray effect during mag- -I
netic storms.

Experimental data and

analytical method.

In this research use was

made of material from con-

tinuous recording of the in-

tensity of cosmic rays from

November 1957 to September

1958, with a standard neutron

monitor, ASK-1 ionization
chamber and counter tele-

scopes [14] both at the earth's

surface and at 7, 20 and 60 m

w.e. below ground. The

temperature corrections to the

mean diurnal cosmic ray

- J _ _'V_ _' kJ ' _ vV" • ' "_

?,
' i ?v\

0

intensities were based on Fig. 1. Mean diuxnal lntcmtty of different components of c_mic rays on file earth's

the Feynberg-Dorman gttrface and below _round, from Ianuary 1 to October 1, 1058: 1 - Moment of bcgirmlng
and end of magneuc storms; 2 - relative number of surapots on the en_Lre gun-disc; 3 -

system [11]. The baro- location of active regions on the sun relatiw sun_ equator and periods of their pa_age
metric effect was calculated through the cen_al gol_tt meridian. Numbet_ give duration of exhmace of active regions
USi/Ig the factors shown in la revolutlom of the gun; 4 - Ii = cosmic ray Intemlry: 4 - ASK-I, Molcow, 5 - ASK-
Table 1. 11, TII_I, 6 - aeu_o_ component. Y_-ul_k; "/o ASK-1. Yakutlk; 8 - cotmtor telescope

on the canh'_ _ttfaoe, Yaku_k; 9 - counter telescope below ground at 7 m w.e..
Data from the whole ya_u_,k. 10-20 m w.e.. Yakulzk; 11-60 m w.e.. Y_ku_k.

series of observations of cosmic ray intensity are shown in Figure 1 in the form of mean diurnal
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Table 1

app_Jua

Neuron monitor

lonLza_on diameter

Coun_z _ lescol_s

of_

t/on

.'re|

f.ig.

w. e,

w. c.

Notation

for

tecoEdc_

N

K

Ta

T7

/'2o

T6o

m

Mean en-

ergy of pz|-

mary pat-

rtcl_, BEV

27

45

"/ll

I_

4,'_)

m m

B_ metzic

co rlclent,

'rob

0,67

0,11

0.13

O, 10

0,0_

0,04

Mean diurnal

stattsttca_

aCC_TtC_p

0,18

O, 03

0,07

0,09

0,010

0.14

values corrected for _J_'Z[ n - .
barometric and tempera- '

ture effects (Ipw). For
purposes of comparison

the same diagram shows 27.
the mean diurnal values

of Io in Tiksi and Moscow. #7°
Thdmagnetic storms are
marked at the top of the
diagram in differentsized

rectangles. The smallest
one stands for the slight
magnetic storm, and the
largest one for a very
strong storm. The shaded
rectangles represent ef-

fective magnetic storms
causing a reduction in cos-
mic ray intensity. The
rectangles with a little 17.
stroke at the beginning show
magnetic storms with a 0
sudden beginning. The
storms have been classified 17.

t

v

0 ..... 3 _

by the Yakutsk magnetic
observatory. In addition to
this, Figure 1 gives a
schematic representation

of the active regions on the
sun by means of rectangles.
The sides of the rectangle
show the boundaries of the 2_#

regions in solar latitude and
the moments at which the

regions pass through the
central solar meridian.

Mean diurnal figures for
solar activity are plotted on

the same axis (Wulf number,
W). The solar data are

taken from Cosmic Pay

o

a:7_Y, u a,%_,r.

i

i

t

1
t.., _

' ii

h
h

m'_aL. j-_ -#- r.J
t

+ i

i

•-,_,_'t_ ..,

J 2 t 0 ! 2 $ _ oJZtOtlJ

Day, to zero-day D&_ll M_, zaro-(by dl_l ,dOlZarO o D.. If_lvr zero-

Fig. 2. Mean two-bou_ v_ria_lo_ of different o_a _ponen_ during 8 effective m/gned¢

s, tonm. I - in1_mlty of.neun'on comlxm, ent a_ t_a level, Yaku_k, 2-6 - caunlc ray

ml_mity, 3 - counr..r telescope at e_1:h's suffice. Yidm_k, 4 - at '/m w.e., 5-20"
m w. e.. 6-60 m w.e.. _ - l:Trm_mm at the eard's surface.
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data for 1958.

It is not easy to note the reduction in cosmic ray intensity observed at a depth 60 m w.e.

underground during each individual magnetic storm. Hence the mean 2-hour curve for I v for dif-

ferent components during 8 effective magnetic storms was calculated and is shown in Fi_,ure 2.

The same diagram shows the mean diurnal curve for Ipw for these 8 storms.

I O

0

ZO Z5 2G Z7 28 29 dO

Fig. 3, Change of Inmmity In different components of
cc4mic rays during severe magnetic storm: November 24-
29, 1957. (Notauon same as-In Figure 2).

Figures 3 - 7 show 2-hour variations in the

intensity of Ip during several magnetic storms in
order to trace its behavior during each one in

Z¢ J5 Z6 Tlme,'Z7laZ_aysZ9 3"0
greater detail. Fig. 4. Change of lntvmity in different components of

It is fairly difficult to determine the absolute cotmie rayt during moderate magnetic stozm: March
reduction in I, particularly in underground instal- 24-26, 1958. (Notation tame as in Figure 2).

lations. The snag is that during a magnetic storm there is not only a reduction in I, but also

other characteristic variations. For example, there may be diurnal variations, variations just

before the storm and statistical fluctuations. We adopted the following procedure to rid ourselves



92

of them. Then, from the smoothed data, we determined the d fference in mean diurnal IpW cor-
rected for barometric and temperature effects for two days pz ior to the storm and for two days

following it, beginning from minimum intensity. This "method clearly improves the statistical

accuracy in calculating the absolute value to a considerable extent and eliminates the influence of
the diurnal effect.
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FI_. g. Change of intem!ty in different components
ol cosmic rays during moaerate magnetic storm, May
2.5-29, 1958. (Notation same as in Figure 2).
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Fig. 6. Change of Lntemity In different componenn of cosmic
rays during slight mtgnetic storm, September 16-17, 1958.
(Notationsame as ItFigure2.)

It is better to use a relative effect to determine the energ 3 spectrum of particles which have

undergone a cosmic ray effect during magnetic storms. To do this, we referred the absolute

value of the decrease in _Jpt i during a storm for each compon,:nt to the absolute value of the

decrease observed by a cot/nter telescope on the earth's surface" (AJ tto ) Normalization withp •
respect to the insulation T o is due to the fact that its statistica accuracy is comparatively high

and the coupling factors (described below) are more reliable. Furthermore, for a more objective

evaluation of the relationship between the behavior in the intem_ity of various components during
the reduction for the intervals, shown in Figure 1 in the form _,f arrows, we derived correlation

6
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factors by linear correlations.
Thc derived absolute and

relative values of the re= "_
duction in I and correla-
tion factors are given in

t_

Table 2. Besides the
noted effective magnetic
storms (Figure I), the ._
firstlineof thistablegives
information on the storm
from November 24 - 29,
1957, which was recorded

by a group of Yakutsk in-
stallatlons.

Analysis of data

m

.9

m

A considerable num- ._

ber of correlating changes
in the intensity of different 0

cosmic ray components of _

a world-wide nature lasting _ &
5 = 15 days can be ob- ._
served in Figure 1. There _
are periods with a pro- _

nounced decrease in Itw "_
at all installations, in- ._
cluding the apparatus at _
60 m w.e. below ground _ .o.
(March 24 - 30, May 28 - v

June 1, September 3 - 7, _
September 14 - 20, and _ o
August 8 - 20). The mean _ o
diurnal values over these
periods can be closely cor-

related (correlation factor
between T O and T60 is
more than 50%). Further-

more, there are periods

when we observe close
correlation (more than

60% at all installations
right up to T20, and poor
correlation with intensity
at 60 mw.e. (T60). Among<

such are the periods c_
January 13=24, February
8 - 19, March 2 - 10, ._
June 26 - July 5, August
6 - 15, August 20 - Sep-
tember 1. All these
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periods are characterized by a pronounced reduction in Inw and, as a rule, coincide with magnetic
storms. From now on the storms accompanied by an ap_Sreciable decrease in Ivw are most of
the installations in the Yakutsk network and at other stations will be called effective storms.

Table 3 gives data for effective magnetic storms. It follows from the table that all the strong
and very strong magnetic storms with a sudden beginning are effective. At the same time no ap-
preciable variation in I was observed during either of the two strong and very strong storms with
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a gradual beginning. Thus, generally speaking, there is an appre :table decrease in cosmic ray

intensity during strong and very strong magnetic storms with a su tden beginning.
Of the mild storms only 44% were accompanied by a marked fill in I. Of these 7 effective

magnetic storms, 6 had a gradual beginning. It is clear from this that the overall effectiveness
of moderate storms, "compared with the strong and very strong tyl,e, is reduced, and we can no

longer speak of the predominant effectiveness of storms with a sudden beginning. Effectiveness

of slight storms, compared with the other types, is smaller by a :actor of 3 or 4.
It can be pointed out that storms with a sudden beginning sho_ slightly greater probability of

being effective than those with a gradual beginning (of 16 effective storms, 6 have a gradual be-

ginning). Thus the results show that the more intensive the storm, the greater the probability
of a decrease in cosmic ray intensity.

Table 3

Mag_tic storm

Very s_ong & strong..
Moderato...........
Slight. .............
Total. .............

Total number of

magnetic storms

with with

sudden glzdual

begirminl begi_

113

Number ofeffec-

tire magnet.stor i_

with with

sudden gradua
begin, begin.

H
i 6

!
1o 6

Number ofef-

fectivemagnetic
storlI_, at oJo
total number

magnetic stot

Mo
,14
20
52

It follows from Figure i that in the case of some magnetic st)rms there is a surge in in-

tensity at practically all installations a couple days before the int.msity begins to drop. As an

example we can point out the considerable upsurge 3 - 6 days bef( re storms on January 17,

February 8, March 24, May 26, August 17 and September 16. Slght magnetic storms are

rarely effective. Hence the short-lived slight storm with a sudden beginning on September 16 is

very interesting. Five days before this storm there began a shalp increase in intensity. Two

days before the storm the cosmic ray intensity reached a maximum and then a minimum in one or

two days. Intensity was restored after three or four days. Thus. a curiously symmetrical wave

occurred, rise - fall - rise. This was of a world-wide nature, since it was recorded at all

installations in Moscow and Tiksi. It was apparently due to high merg)' particles up to 200 Bey,

since the underground installations in Yakutsk detected it. Two active regions with a decom-

posing spot groups and a large number of chromospheric flares were passing across the central

meridian at this time. It should be pointed out, generally speakil g, that all effective magnetic

storms coincided in time with increased solar activity, and are e :idently linked with the

passage of activc solar regions with a high degree of chromosphe "ic and photospheric excitation

across the central meridian.

A more detailed analysis of the reduction effect can be cited rom examination of the 2-hour

curve for intensity In of different components. The beginning anc end of the sharp drop in in-

tensity at all installations in our network can be obscrved in Figu ,es 3-6 with an accuracy of 3 -

6 hours. In most cases the beginning of the reduction in In is 5 - 30 hours behind the beginning of

the effective magnetic storm. The duration of the sharp ¢i'op val ies with storms and ranges from

12 - 40 hours. The beginning of the drop and reaching of the rain mum coincide at all installations

within 2 - 5 hours. In the case of all magnetic storms the intensity recovers its normal level

more than four days after the minimum, i.e., after the magnetic storm ends, the intensity does

not recover its normal level.

The effect of the temperature on the reduction in cosmic ray intensity can be observed from

Figure 2, which gives a mean diurnal curve for intensity during [ effective magnetic storms. The

inclusion of the Feynberg-Dorman temperature correction [II] considerably reduces the fall in

intensity during the magnetic storms for all installations except tm one measuring the neutron

component, where its effect is slight, and was therefore not takelt into account by us. Thus, when

studying the fall in I during magnetic storms the temperature eff(ct cannot be ignored. On the



99

F

6

7

other hand, the reduction in I at 60 m w.e. cannot be accounted for by the influence of tempera-

ture. Indeed, since a temperature correction in the ground level installations reduces the fall in

I during storms, this means that temperature of the atmosphere as an average has increased. An
increase in temperature in the upper layers of the atmosphere would have led to an increase in

intensity recorded by the installation at 60 m w.e. at the time. So when the temperature correction

was made, the reduction in Iph at 60 m w.e. underground would have increased, which is not what
was observed.

On the basis of the above described features in the behavior of cosmic ray intensity during

effective magnetic storms, the following behavior pattern can be worked out. For several days

before a storm the mean diurnal cosmic ray intensity IoW tends to increase; then, having ob-
tained maximum before the storm begins, it starts to fall gradually. A few hours after the storm

has begun, IpW drops sharply, attaining its minimum 12 - 40 hours later during the storm's
principal phase. Then it slowly recovers the normal level when the magnetic storm is over.

Table 4. Exponents of normal variation of normal intensity with depth (7 1 ), sharp in-

tensity with depth deriving magnetic storms (7 2 ) and change of the _-meson spectrum

during magnetic storms.

Energy in-
terval fc_

Ipe ctrum
determlna-
tlorl

T O - 7"t7

Te -- T2o

1'o- ?:u

"1_- I'_

17 T: a

7.- 7_

-0;6

--1314

- 1:18

- I, :i t)

- I,t;2

-1,74

- 1,50

--I,62

2,21

--I ,T2

--2.4X

2,97

--0,74

--0/,8

O X2

- 0,21

II,gt_

1,211

--3 7;_0,2

Consequently, only some of the characteristic variations in intensity, to wit, the reduction
effect, can be related to the magnetic storm period. The fact of other variations in the intensity

of IpW (increase before the storm and recovery afterwards) indicates that the cosmic ray varia-
tions during magnetic storms are complex and not due to oscillations of the geomagnetic field.
It can rather be said that both the geomagnetic storm itself and the cosmic ray variations are due

to a common cause. And the effect of this cause on cosmic ray intensity begins considerably

earlier and ends considerably later than for the geomagnetic field. Clearly, this common cause

must be a change in the electromagnetic properties of the environs of the solar system in ac-

cordance with solar activity.
It should be stressed that the above noted characteristic features of behavior in cosmic ray

intensity during magnetic storms do not only occur in the intensity of different components on the
earth's surface, but also underground to a depth of 60 m w.e. It follows directly from this that

during effective storms some sort of mechanism is in action which is able to vary the primary

particle spectrum right up to energies of 200 - 400 Bey.
The existence of identical installations for recording the t_ -meson component at different

levels below ground enables us to make a rough approximation of the energy spectrum of primary

particles affected by magnetic storms without using the coupling factors. Indeed, if the I_ -meson

energy spectrum coincides with the primary particle spectrum with an accuracy up to a constant

multiple, the iz-meson spectrum derived by the method described below gives an idea of the

form of the primary particle spectrum.
Let us assume that the relationship between the intensity of an undisturbed t_ -meson stream

and disturbed stream and the depth in time of the magnetic storms can be described by formulae

of the type

limpo s = Io ETI and I'poss = Ioposs (72 (2)

For each of the six possible intervals we can find the exponents 71 and 7 2 . The mean



Table 5. Predicted relative values of decrease in the

magnetic storms for several test-spectra.

Tc_t Spect2_

tD(,) f--*, at h>*
I ,O(,)-- _n. at **<*

30

100

220

260

o_

1, at *<_ 30
2 f* i 1(v)

tD(.) _.I_-.--...i_;--, ),! 220

IIl II|

i

, at c_>¢ I0060
_D(*). { --a, -I 220Ill

--0, 21"t_
llt ¢1_¢ L

o¢
i

• lit *,_* 100

_.D(*) { _ a.-oj I_0

IV _---_= --0. lit' **<* I 200oo

£Tpsv

2,56

2.1

I,I0

1,05

1,0_

1,0

3,8

,09

1,06

1.05

1,0

2,92

2,7(;

2,75

2,75

2,70

2,02

2._

2.00

2,00

iN(,) _--a. -°.5, at .,_.
V _=[--0, lit ,,<.

v" t/_(,) _-.-*, lit .,<**
X_-l_a. at .,_.

lit II(I
Vll 7J(_- = _-., at Ii)¢

i

i
-_L'(-'LI.....-o._..t ,,<.!

VIII D(e) -- I.--a, at e,_l I

100 1,94

180 1,02

260 I, 60

oo 1,00

3 3,23

7 6,4
It 6,5

15 4 .O

;_ 2.16

7 3.25

It 3,$)

15 3/*0

3 1,67

7 2,08

II 2,40

15 2._1

intensity of cosmic rays during

AIpw _Tpt4

0,74 0,87

0,78 0.0_

0,90 0,82

0,96 0,_7

0,98 0,97
! .0 1,0

0,95 0

O,80 0.5_

0,80 0,9C

0,61 0,94

oi_, 0,9:,
1,0 l,O

fl,BN 0,37

O,NI n,4_

0,_I 0,4_

0,82 0,4_

0,76 0,.S_

0,_ 0,66

0,81 0,61

0,Stl 0,63

0,74 0,62

0.7_ 0.69

o,P,O [ 0,710,83 0,71

0.81 °.48

0.I_) 0.43

0,97 O.27

0,93 0.15

O J4) 0.63

0,78 0,60

0,79 o.51

0.80 0.36

0,72 U,7l

0,75 U,69

0,75 0.64

n,73 O..W,

_T, pw &T, pw

_*pW &T, pw

0,55 0,21

0,01 0,0

0,_ 0,0
0,85 0,27

0,85 0,37

t ,0 1,0

0 0

0,16 0

0,67 0,07

0,73 0,13

0,80 0,19

1,0 1,0

0,05 0,0

0,17 0,0

0.29 0,05

0,29 0,07

0.31 0,12

0,24 0,0

0,39 0,05

0,41 0,12

0,45 0,23

0,28 0.0

0.48 0,06

0.54 0,16

0,57 0.35

0,31 0,12

0,29 0, II
0,18 0,07

0, I0 0,04

0.45 0,23

0/,2 0,22

0.35 0,19

0,25 0.13

O. 55 O. 35

0,53 0,34

0.49 0.31

0,42 0,26

difference 7 2 and 1'1 gives the variations in the exponent _ for :he p -meson spectrum during the

reduction in IpVtt.in magnetic storms. The normal intensity-depth trend for the Yakutsk installa-

tion network,-&s shown by experiments, can he expressed by th_ ratio

IT, : IT, : iT. : IT. = i : 0,67 :0,304 ; 0,064. (3)
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The disturbed intensity stream can be obtained from the means (Table 2) for the relative
reduction effects in intensity during magnetic storms, by normalizing them with respect to the
p-meson intensity on the earth's surface. From Table 2 and ratio (3) we obtain

I_. :/_. : It.. :/_,, = 1 : 0/,5 : f_,17 : 0,013:,. (4)

Taking the absorption of _-mesons in the atmosphere as equivalent to 10 m w.e., Table 1
gives us the ratio between minimum _ -meson energies recorded by the counter telescope:

rain m_n Em_n r+_ll=r. :tr, : r. : i. = t: t,7:3,_:7,0. (5)

Table 4 gives 71, 7 2 and7 2 - 7 I calculated using equations (2) - (5).
It is clear from the data in Table 4 that the variation in the _t-meson spectrum during a re-

duction in cosmic ray intensity, as a first approximation, is

_,1 (I) _ a__O.¢±o, s ,
d (t)

i.e., during magnetic storms there is a softening of the _ -meson spectrum up to 20 - 40 Bev.

This gives grounds for expecting the primary particle spectrum to be similarly related to
energy, as the p-mesons, i.e., eD(e)/D(E)N¢ -0.7, and the maximum energy of particles
undergoing this effect to be 400 Bey. This spectrum can be compared with one calculated by the
coupling factor method [11]. Variations in the secondary components Ii/I i are:

1_ =., w (_, _,,I -g_ -_, (6)
Iw,ln

Here W(_, h o) is the coupling factor of the i-th component at the level ho, 5 D(c )/D(E) is the
variation in the primary energy spectrum, and c min is the minimum energy for particle energies
determined by the geomagnetic threshhold or the experimental conditions.

As has been shown above, the relationship of the following kind can be expected for the re-
duction in I during magnetic sterms.

?,D+c) [-- az-",vhen _ > E L,

-7_it, _t-- b, when _ < ¢_.

Then the expected magnitude of the drop in I for each installation is

' i'll_/_ = i-i, -- I, II" (z. I%) tl_ --- _z (z, 1%)_-v dz. (7)

To determine the constants a, b, c t and 7 we need data on the reduction in I from at least
four different installations, We had at our disposal data from six installations recording cosmic
ray intensity over a wide range of minimum primary particle energies at one point, Let us as-
sume as a first approximation that a = kb; then, using the relative values of the reduction in I, we
can proceed to solve five equations with two unknowns. Table 4 gives the expected relative values
of the reduction in I during magnetic storms for several "trial" primary particle spectrums, cal-
culated by this method.

In the calculation we used the coupling factors W(E , ho) calculated by one of the authors [13|.
These factors are very much different from those previously worked out by Dorman [11]. In the
primary particle energy region 20 Bey or more the factors have been derived from an experimental
relationship between intensity and depth, recorded by the underground installation network in
Yakutsk, and from other authors' data [17]. For energies below 15 Bey we took into account the
latitude effect in cosmic ray intensity. Moreover, the coupling factors for energies less than
minimum energy for the given installation were '_)lurred" on the assumption that in the act of
interaction between primary particles and air nuclei, fraction c¢, of the energy is transferred to
the secondary component, obeying the law of normal distribution.

Comparing the calculated values given in Table 5 with experimental ones we can conclude that
the spectrum calculated by Dorraan on the assumption of the effect on I of the regular frozen mag-
netic field of corpuscular streams from the sun
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-- i, when s < -+_--

_D(t) I 2 (c;) 'l ',D(,) = --_arcsin _--I ,when-4- < ¢ <

when _ > ¢."0,

is n ,tital>le.Indeed, for the underground installations T20 ;rod T60 the expected effects at E 1

: 100 Bey are very small and approach the. experimental value, as ¢I increases. For the neut.ron

component at the same ¢i, the value ANp/ATopWiS less than tle experimem_u mm atverges sun

more as ¢1 increases.
For the same reasons experimental data are not satisfied ,y a spectrum of the type $ D(e)/

D(e) = const, nor of the type ¢1t2... at any limitation of the energy ¢1 from above at all. We
should point out that if we had set ourselves the task of finding an energy spectrum for primary

particles from the cosmic rays given for the ncutron and meson components (on the earth's sur-
face) as used to be done, it can be seen from Table 4 that the spectrum would have been described

by the formula
__D(t)_ Is, when ¢ < ¢,.

D (_) I0, when ¢ > El,

where eI is in th, ,'ange from 20 and 50 Bey. Thus, we would have obtained Dorman's spectrum.

This reaffirms once more that we were right in concluding that without the glven underground

installations it is hard to determine the primary particle encr_ y spectrum accurately.

It is also clear that spectra of the type ¢-1, and ,n/1 the mere so _-2 and ¢-3 deviate con-

siderably from experimcntal v'.Llues since the relative cffect in two of the lowest installations is

very small, even when they are not cut from above, i.e., whe_ (1
The most suitable of the "test" spectra given in Table 4 is

_D(t) _ t--b, when ¢ <¢,,
__ + _
D(,)

where _1 = from 5 - 10 Bey and h = 0.5a. This means that dur ng magnetic storms the primary

particle intensity is influenced by a mechanism which prevents primary particles with un energy
less than 10 Bey reaching the ground. At the same time the p* imary particle spectrum greater

than 5 - 10 Bey is softened by this mechanism, i.e., it falls rtore sharply than the normal

spectrum by a multiple of G-07_0t The strength of the sour( e of mechanism for energies below

10 Bey (b) is less than for high energy particles (a). The stre lgth of the source, a, causing the

reduction in I during magnetic storms can be,found from underground installation data:

ATtv w� AT0pw

I W (¢, hT).t-°:d¢

i,

Derived in this way it is: a = 0.22 ± 0.05, from which b = 0.111_: 0.03.

Thus, in its final form the spectrum for primary particle,_ which have experienced the effect

of magnetic storms can be represented as

_D(*) I-- 0,1t _1__0,03, when %<7--2
(tO)

D (,) -- i-- (0.22+ 0,05)._-".7±0',when E,> 7 -: :2

Analyzing the data in Table 2 for each magnetic storm set arately, we can conolude that a

spectrum of type (I0) can explain the reduction illIpt during e_eh magnetic storm. Here the

parameters a, h, :, m_d q vary between the errorggiven for taese values in expression (10).

Thus, the variation illthe primary cosmic ray stream encrgy spectrum during the reduced in-

tensity for higher energy particles, when derived by the ooupl ng factor method, coincides with

the result of direct calculations from _ -meson component datl. This coincidence shows that the

energy spectrum for la-meson at sea level actually coincides ,withthe primary particle spectrum

with an accuracy up to a constant multiple, and that when part cles with energy 109 - 101l ev

interact, there are no appreciable changes in the fraction of e;lergy transferred by the primary

particle to the hard component.
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Using the above described method it is also possible to calculate the energy spectrum of

primary particles at different moments of recovery in cosmic ray intensity to the normal level

after the storm is over. To do this we use data from mean diurnal lpt during eight magnetic

storms (Figure 2).

Table 6 gives relative values for the reduction in intensity on various days after the beginning

of the reduction in I, derived from mean diurnal intensity curve during eight magnetic storms.

Here, the data for the first, second and third days after the reduction begins show the behavior of

cosmic ray intensity after the end of the magnetic storm.

Table 6

Day after beginning

of decreate In

cmmic-ray tntemity

FImK ..............

Second... .... . ....

Third ..............

Relative magnitude of the decrease

2t ! 01 ,n

240 111,2

aToJqV

0,70:] 0,03

0,50_0,07,

0 60i0, _,",

hT7I,tt'

_Tof, W &To/,IV

O,arQ,.aAO

o,(_) ]/p,fo

o, 6o4__o, 1

_Tf_pw

AToPw

o, 20i0,10
o, 20 t o, |0
0 20±0, I0

It is clear from Table 6 and Figure 2 that the neutron component intensity which falls fairly

sharply during a storm undergoes a sudden "spurt" towards recovery after the storm, whereas
the hard component intensity on the ground and below it does not. This suggests that magnetic

storms are due to two independent mechanisms. One mechanism is connected withthe moment of

commencement and ending of the storm, while the other has no appreciable connection with these
moments. The first of these mechanisms can be identified with the influence of the magnetic

field, while the second car be identified with the effect of the electric field. Indeed, the magnetic
field does not alter the energy spectrum of the primary stream, hence the variation spectrum may

be

_/_)_[! :- J coi,_t,when E < z,,

D(,) I 0, when z > _t,

or in the case of a frozen magnetic field within the solar corpuscular streams

I -- I when _<: "

_Die) J 2 arc _i(e..... _-ll.when _ ,L

I 0 vhen _> %,

Since it is only small energy particles, ¢ < 9 Bey, which are substantially scattered, it can
be said that either the intensity (potential) of the frozen magnetic field is considerably less than

thought [11], or that the frozen field is extremely non-uniform. The second mechanism may be
identified with the electric field effect. Indeed, as we have seen, during a storm there is a con-

siderable transformation of the primary spectrum throughout the energy range. This trans-
formation takes the form

_t_I_, _ j --h, when _.:_,,

where 7 = 0.7 + 0.2, a = 0.22 and h = 0.Ii; beginning at _ = 9 Bey, the variations can only be

described by the term c_eT. A substantial transformation of this kind in the primary cosmic ray

stream may evidently be due to the effect of the electric field [5]. Hence it can be considered that

in the production of the effect in cosmic ray intensity during magnetic storms the part played by

the electric field is appreciable, in addition to that played by the magnetic field.

Conclusions

The most important results of this research can be formulated as follows:
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1. Characteristic variations in cosmic ray intensity are obs_rved during magnetic storms

both in the case of low energy particles as well as those with very high energies up to _ = 400

Bey. The primary variation spectrum, determined both from measurements of U -meson in-

tensity over a wide range of energies as well as by the coupling fvctor method, takes the form

_,O_=) _ --0,tt_-0,03, when ¢_7J=2

D,,) =1 (--0.224 0,03) ¢-o.7±,.L when ¢_7-_--2

This spectrum contradicts the expected spectrum [11] because of _artieles being scattered by a
frozen magnetic field with an intensity of ,_ 104 gauss in the earth s orbit.

2. Variations in cosmic rays during magnctic storms are duo to two mechanisms, one of them

reflecting the effect of the magnetic field, the other reflecting the effect of an electric field.

Particles with energy e > 9 Bev undergo the effect of both a magnetic and electric field. Here the

part played by the magnetic field in scattering primary particles with high energies is small. The

time over which this mechanism acts is limited to the moment that the magnetic storm begins and

ends. This fits in with the assumption regarding the occurrence of a magnetic storm when the
earth comes in the way of a solar corpuscular stream.

During a magnetic storm in the atmosphere there are characteristic changes which reduce

the intensity of the _ -meson component to such a degree that the effect cannot be disregarded.

In conclusion the authors would like to express their gratitud,: to G. A. Akisheva and T. P.

Shelekhova for assistance in processing data and to G. V. Sharer _/ho was kind enough to make
certain unpublished data available.
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In their recently published work Conforto and Simpson [1] have made a study of solar-diurnal

and sidereal-diurnal variations in different cosmic ray components.

The authors studied the solar-diurnal variation over the period 1953 - 1955 at the following
stations :

iluancayo ¢ = 12° 02' South fat, k = 75° 20' West (Neutron monitor},

Climax _ = 32 ° 22' North lat., k - 106 ° 11' West (neutron monitor},

Freiberg _, = 47 ° 55' North fat., k : 07 ° 45' East (ionization chamber}, and

Rome _ = 41 ° 48' North fat., k = 12° 36' East (counter telescope}.

This period proved to be particularly interesting since itwas observed that the phase of the

24-hour variation underwent considerable shifts during the solar activity minimum. This had

been descovered before by Posscner and Van IIeerden [2].

Konforto and Simpson have represented the 24-hour variation in cosmic ray intensity in the

following way. The amplitude.of the diurnal variation for each day was defined as the ratio of

the sum of deviations for 12 consecutive hourly intervals during which the intensity was greater

than average to the standard deviation; the standard deviation was considered constant for each

station and equal to the square root of the number of readings per unit of time.

The phase was defined as the central moment of the selected 12-hour period.

It was found that in 1953 and 1955 the diurnal variation phase remained more or less constant

{with the exclusion of a few short periods}, ifthe intensity variation was determined from solar

time. In 1954 the phase of the diurnal variation vector shifted on the harmonic hour plate counter-

clockwise and formed a closed loop.

This effect was first detected for the equatorial station Huancayo, where there are probably

no meteorological effects at all.

To confirm what had been found, the same investigation was made for the stations at medium

latitudes (Climax, Rome and Freiburg). It was discovered that in the case of all these stations

the diurnal variation vector phase from solar time also shifts counter-clockwise, but does not

describe a closed loop as in the case of Huancayo. This is evidently due to meteorological effects.

The authors think that this regmlar variation in phase may indicate the presence of a diurnal varia-

tion in sidereal time. In order to test this hypothesis, Konforto and Simpson calculated the di-

urnal variation is cosmic ray intensity for sidereal time. All the vector phases were converted

to sidereal time on the assumption that on March 21 solar and sidereal time are identical. It

was found that the amplitude and phase of the vectors remained almost constant in 1954 and

hardly differed from the amplitudes and phases in 1953 and 1955. The authors assume that the

existence of a sidereal-diurnal variation is apparently due to anisotropy of primary cosmic
radiation outside the earth's atmosphere and geomagnetic field.

We carried out a similar study of the sidereal-diurnal effect in the intensity of the meson com-

ponent in cosmic rays from data obtained by middle-latitude stations at Moscow, Yakutsk, Tokyo,

Freiburg and the high altitude station at Tikhaya Bay. We plotted a harmonic diagram of the mean

monthly diurnal variation vectors for solar time for 1953 - 1955 for all stations (and also for

1956 and 1957 for Moscow and Yakutsk). The amplitude and phase of the diurnal variation for

each month for all stations was determined by harmonic analysis.

It came to light when the plotted diagrams were examined that in 1953 and 1955 the phases of
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the mean monthly diurnal variation vectors uncorrected for temperature effect showed a wide

spread. The solar-diurnal variation phases for Moscow and Yak_tsk in 1956 - 1957 are the most

constm]t.

When the temperature .aoscow _tJ,Dt yakurtk, e_Jzpt

correction had been made,

which was possible for June. 1955 sty. 1956
lVloscow from June 1955 to Moscow. d'Y_p Yakuglk. d'_p __

January. 19!

October 1956 and for Yakutsk ltme, 1955 A'a,,%l o,0_. A]a, zZfor 1956, the constancy of "_. _l_?.

the phases became more pro-_ • ,_-,,_ ,9r_noanced, as can be seen

from Figures 1 and 2. The _lanuary. 1956

phases in 195.1 showed a

particularly wide and curious

spread.

Figure 3 gives the phases

and amplitudes of the solar- Oetob_ _ _Oct`. 1956 t
diurnal variation for the

station Tikhaya Bay and ctobet. 1956
Yakutsk for the months o /
January - September 1954. It
can be seen that the direction c., 19_ _Dee., 1956

of the diurnal variation
Fig. 1. Solar diurnal variation of meson F_g. 2. Solar diurnal variation of me#on

vector shifted during this intensity in cosmic rays. not corrected h teoslty in cOSmic ray1, corrected for
time interval in a counter- for the temperature effect, tie temperature effect.

clockwise direction (at Tikhaya Bay for example, the vector changed direction by more than 180",

which coincides with Konforto and Simpson's results).

Table 1

Moscow, 1954

MONTHS

lanuary.............
February ............
Match. ........ .....

ApriL ..............
May ...............
June............,.

July ................
August............

September.........

October............
November....... ....
December..........,

Sidereal Time,Solar time Ii

A. _*

O,Otl

0,111

0,09
0,12
0,11

0,13
0,16
0,21
0,17
0,12
0,0_
0,16

Sidereal tlme I

m,B A. %

11,3 0,08

11,0 0,09

9,3 (I,13

9,0 0,13
7,4 0,II

60 o, 13

6,8 0,17
5,2 0,20
4,9 o,1_
2,0 0,05

12,5 0,05
12,6 0,16

_h _h

7,4

910

8,4
10,2
10,8
11,2
t4,5
14,6
17,1
16,5
4,5
5,8

7.0
9,0
9,0

tl,0
t1,5
12,0
14,8
15,0
17,O
16 (i
4,5
6,5

Further, to test the hypothesis of the existence of sidereal-_liurnal variation in the meson com-

ponent intensity we determined the mean monthly amplitudes and phases of the diurnal variation
vector for sidereal time for the mentioned stations. The transition from solar to sidereal time

was accomplished on the assumption that in the second half of M;_rch solar and sidereal time were

identical. For the next 15 days they were then shifted one hour, taking it into consideration that

sidereal time overtakes solar time. The results were totaled scparately for each month, averaged

and analyzed harmonically.
This method produced amplitudes and phases for Moscow over the period January - December,

1954. The results are given in Table 1 (columns 3 and 4, sidercal time D.

The same results, however, can be obtained by a simpler, but slightly less accurate method.

If it is assumed that sidereal and solar time coincide in March, and it is remembered that a

sidereal month is two hours shorter than a solar one, the corre< tion for sidereal time for April

F
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will be two hours, for May four hours, and so on.

month are given below.

January ...... 20

Februar3_ ..... 22

March ........ 0

April ......... 2

May .......... 4

June .......... 6

Corrections for sidereal time in hours for each

July. ............ 8

August .......... 10

September ...... 12

October ......... 14

November ...... 26

December ....... 18

F
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In this way we obtained sidereal-diurn,'d variation phases

for Moscow over the same period (January - December, 1954).

The results are given for comparison in Table 1, (column 5,

sidereal time II) from which it is clear that they differ only

slightly from the earlier results. Hence the sidereal effect for

Tikhaya Bay and Yakutsk in 1954 was determined by this, simpler

method. The results are given in Figure 4, from which it fol-

lows that the sidereal-diurnal variation phases in 1954 are more

constant than the solar-diurnal variations. This supports the

view expressed by Konforto and Simpson regarding the pre-

dominant part played by sidereal-solar variations in cosmic ray

intensity during the solar activity minimum.

Ttkhaya Bay Yakutsk

*" Sept, 1954

We then calculated the mean annmfl variation in cosmic ray Fig. 3. Solar-diurnal variation of

intensity in solar and sidereal time for all stations. The ampli- meson intensity in cosmic ray_, not

tude and phase of the mean annum diurnal variation for dif- co_rcctcd for the temperature effect.

ferent years for all stations were also determined by harmonic analysis.

The results are given in Table 2. An analysis of them suggests that there evidently exist at

the same time both a solar-diurnal variation and a diurnal variation with respect to sidereal

time. The amplitudes with respect to sidereal time, however, are small in 1953, 1955 and 1956.

During these years they were smaller than the solar-diurnal variations by a factor of 2 or 3. In

1954 (a year of minimum solar activity) the variation amplitudes with respect to the sidereal

time increased appreciably, and equal or become greater than the solar--diurnal variations for

the same year.

Table 2

Solar time

A, % _h

Station

Mowcow

Yakutak

'Tikhaya B_

Ftelburg

Yeai"

1953 0,09

1_54 0,08

1955 0.16

19,_ 0,J2

1957 0,09

1954 0,05

1955 0,07

I.q55 O, _0

1_J57 0,08

197,:'; 0,03

1'J54 0,03

1955 0,04

1o,I;

11,N

12,3

6,5

10,1

t3,1

14,0

14,5

4,0

9}.1

Sidereal time

A. % I _h
i

d
o. o5

0,07

0,07

0,05 _.:,

0,(_3 7,7

fL06 11,6
0,04 12 0

0,0,3 1: J)

0,02 3_0

0,(i2 1o,7

0,O3 9.5

0,04 1S,5

0,02 t I ,o

0,03 9, 'l

0,05 8,4

12,5

11,2,

A similar conclusion may be drawn on the basis of Konforto and Simpson's results. By adding

the mean monthly factors in the diagrams in [1] and dividing their total by 12 we obtained mean

annual amplitudes for the diurnal variation vector for the stations at Huancayo, Climax and Rome;



they are given in Table 3.

Station

Table 3

1953 I 1954 1955

SOlar time [ SolAr I.ume 1 Sldcrcal _Lme Solar time
!

Cl/ma.x ........ 0.34 13,0 0.16 I 16.1 I I0'39 9.6 0,41 14.3Rome .......... 0,06 5,0 0,I1 .8.9 0.09 12.1

Our assumption with regard to the simultaneous existence of both types of variation was con-

firmed by verification of the non-random nature of diurnal variations with respect to sidereal

time. We found that the sidereal variation at Tikhaya Bay, even in 1953 when its amplitude was

only 0.02%, was genuine, since the error in amplitude was 0.006%; the sidereal variation in
Yakutsk in 1957 was also 0.02% and showed an error

of 0.004%, i.e., in this case, too, the amplitude of Tlkhay Bay ¥akumk

the sidereal-diurnal variation proved genuine. _Sep_ 1954

Errors in amplitudes greater than 0.02% do not ex- _I_o:7, I laru 1954 ,_I_sY, .4
ceed thousandths of a percent (for example, the / _' l/Sept. 1_54
variation in Yakutsk in 1954 was .0.06%, and the /error 0.003%). All the results obtained suggest the

insignificantly small part played by the sun as a

source of solar-diurnal variations during the years

of solar activity minima, when the principal part in /an.1954J

producing the diurnal effect belongs to anisotropy

of the primary cosmic particles outside the solar

system. Clearly, as the solar activity increases,

the number of corpuscular streams causing diurnal Fig. 4. Skereal diurnal variation of meson intern-
variations in cosmic radiation on the earth also in- Ityin cam c rap. not corrected for the temperature
creases. The role of the sidereal effect at this effect.

time is insignificant.

We feel that the results obtained, so far, even those which :ally with Konforto and Simpson,

are not yet sufficient for final proof of the existence of a sidereM effect in cosmic ray intensity.

Further investigation with the use of more extensive material is essential before the question is

finally solved.
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L. I. Dorman

ENERGY SPECTRUM AND DURATION OF INCREASE IN COSMIC RAY INTENSITY ON

EARTH DUE TO CORPUSCULAR STREAM SHOCK WAVE

F

6

7

Publication [1] describes a slight increase in cosmic ray intensity a few hours before the
magnetic storm on

August 29, 1957.

Distribution of the

amplitude of the in-

crease over geomag-
nctic latitude as re-

corded by seventy

instruments located

at almost fiftydif-

ferent points on the

globe (see Figure 1

Laken from [l]) showed

that the increase was

due to fairly hard

particlcs and, in any

event, could not be

associated with the

effects of solar

flares (which have a

considerably softer

spcctrum, (sec [2],

Chapter XI). The

hypothesis has been

put forward [3, l] that

the observed increase

in cosmic ray in-

tensity is caused by

the shock wave from

the sharp leading

front of the corpuscu-

lar stream carrying

the frozen magnctic

field. In this article

we evaluate the prime

variation in energy

spectrum expected

during this process,

and compare itwith

that observed. By

this method we hope

to test the hypothesis

regarding the nature

"_ "80 -70 -$¢ -50 -_

it]'
"JO -ZO -,0 _ /0 ZO $0 _.0 £,0 N M W

&

Z

m_

IO 20 3/] _0 _0

b

]

60 73 _'_

Fig. I. Dependencz of increase ampUmde in c_mic-tay tntemity Immedla_ely prior to
the beginning of the magnetic norm on August 29, 1957.

a - neuron monitor; b - counter tel_col)zs (+) imd lontzltion ch_mbe_ ( A)(m -
stJttom loca_d Inhlgh mountilm).
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of the phenomenon observed in [1].
The acceleration of charged particles when the shock wave frcat passes through magnetized

plasma was considered in [4]. It was assumed that the frozen magnetic field was perpendicular

to the direction of propagation of the wave. It was shown in [4] that in a head-on collision with

the shock wave the relative change in energy for relativistic particles is

-_:- C!"-:)__'"- _ 0)
• _ Pc/ n x t |'

where I%± is the transverse component of the particle pulse (with respect to the magnetic field),

and . = H2/H 1 is the compressibility of the medium. For interplanetary gas in our case - = 4.

, I% _ 2 A, 1
Since the mean value _) -_ _ then' T_f"

Applying the results of the research described in [4] to our ca;e, we can make the following

comments.

Formula (1) was derived on the assumption of infinite width of the front, and its validity

was therefore not limited by high energy increments. But in our ca_e, with a front half-width of
-_-5 • 1012 cm, velocity of .---_108 cm/sec and fieht intensity ofF-_10 -° oersted, the total energy

increment is A¢ _ '_' HI _ 5. Ifb: ev. Hence, hi_;h energy particles with ¢ k >> 5 • 107 ev will

not increase their energy by more than &e max"_5 ' 107 ev before striking the earth.

Second, if the kinetic energy of the parti'_fes is _ k_.._ 5 • 107 ev, the variation in energy will
be determined from equation (15) in [4] for relativistic particles:

_¢ %1 ]1

-;_- _ (_0) " 8x --1 ut- ut''+ (--c-.) -f (2)

for particles with v o >> u 1 -u 2.
Thus, if the differential spectrum of the undisturbed primary _'omponent in the cosmic ray

takes the form D((k)_e k-%' (%'--2) then (see [2], Section 29, par. 1;) we obtain for the shock wave
effect

J+'(':+J I(I 4 z) a,,,+,,, (,_)--,--- ,when ASm,x <: ++.

In the case of the magnetic storm on August 29, 1957, the str_ am velocity was about 2 • 108

era/see [1], and consequently, the velocity of the front attained 3 - 108 ore/see. At I +,5. |0 tl em

and H.--10 -5 ev (it follows from {1] that the corpuscular stream re ;ponsib]c for this storm

moved in a wide slow stream with this field intensity), this gives f e max.0.15 Bey, and

_D(t_) [ 3, when _0,t5 Bey

,wh+.+,+ O,IS .++
Using the data in [2] (see Figure 37 in this publication, which +ives _'_ -w*x+'. hoJ d, for

J t

Imln

different components and geomagnetic latitudes), we find that the amplitude of the increase in the

hard component at a latitude of 50 ° will be about 1% (practically th_ same at the equator and at

30°), and that for the neutron component at latitude 50 ° it will be at out 3 or 4%, and about 1% at

the equator. These results coincide satisfactorily with experimen-al data contained in the figure
within experimental limits.

The duration of the increase will be determined by the time tai:en by the earth to pass through

the region with increased energy particles. The dimensions of thi ; region are of the nature of

the particle curvature radius, i.e., L_ •/300 H. Thus, the time taken by the increase is

L
v -- 3 Hv '

where v is the velocity of propagation of the shock wave front. Fo" v_3 • 108 cm/sec, H_10 -5

we obtained at c _i01-1 ev r _105 sec _ 1 day, r .--'8 hours at ¢.--3 • i0 I0 ev, r --3 hours at

c -_1010 ev, and r---1 hour at ¢A-3. 109 ev. For very low energy particles, for example ¢ k_108

ev, , will be of the nature of several minutes. Thus, the general 9ehavior the shock wave effect
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is as follows: the amplitude increases as the energy decreases, while the duration decreases as

the energy increases. It is essential to make a detailed experimental check of the discovered
behavior.
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N. S. Kaminer

EARTH ZONES STRUCK BY SOLAR PARTICLES (I - I0 Bey)

Introduction

A great deal of attention has been given of late to the study of the effect of chromospheric

flares on cosmic ray intensity [1-4]. In certain cases powerful chromospheric flares on the

sun are accompanied by a big increase in cosmic ray intensity on the earth [1-3]. This increase

attains tens and hundreds of percent in the hard component [3} at d several thousands of percent

in the neutron components [4]. Analysis of experimental data sh)ws that these "flares" in cosmic

ray intensity are the result of the influx on the earth of an additi,,nal stream of particles with

energies _ _< 15 Bey generated in active regions on the sun [5].

Strong chromospheric flares causing high increases in cosrric ray intensity are a rather rare

phenomenon. The chromospheric flares observed on the sun at( much more frequently weak

ones with a power of 1.2 and sometimes 3, associated with sligh_ increases in the intensity of

the neutron component (less than 1%) [6].

Study of the 'greater' and 'lesser' bursts of cosmic rays are of great interest. It may pro-

vide us with important information on the generation of high energy particles on the sun and the

properties of the earth's magnetic field at gTeat distances, and (n the characteristic features of

the motion of high energy particles in interplanetary space.

Graphs for constructing impact zo]es

The trajectory of motion of a charged particle in the earth's magnetic field is characterized

by the following parameters: particle hardness, pc/Z; geomagn,_tic latitude of point at which

particle arrives on earth, ¢ ; zenith ,angle of incidence, [ , angh_ (bs, between direction of
particle's motion in infinity and pl._ne of geoma_,metie equator (g(omagnctic latitude of source),

and also the "drift" angle _ , which is the difference between the geomagnetic longitudes of the

source and the point of arrival on earth of the particle. These parameters are shown in Figure 1.
Using both the theoretical and experimental results of study of the motion of charged particles

in the earth's magnetic field, Firor [6] has plotted easy-to-use _raphs for finding the geo-
magnetic coordinates of arrival points on earth as the function (f the particle's energy (over the

range 1 - 10 Bev) and the geomagnetic latitude of the point sourc _ for _ = 0. The arrival points for

the particles on earth are divided into three groups, forming "in pact zones": the late morning

zone (about 9 AM local time), the early morning zone (about 4 AJI local time) and the evening
zone (about 8 PM local time). The variation in the geomagnetic atitude of the source (sun) leads

to a shift in the position of the impact zones, i.e., to the appear race of a seasonal zone. The
source (sun) is not a point source, but has finite angular dimens:ons, which means that the im-

pact zones are "olurred". Narrowest is the 9-hour zone; the ew ning zone changes to a '_back-
ground zone", covering the entire surface of the earth between 1: titudes 25 - 60". The relative

intensities in the 9-hour, 4-hour and background zones are 7: 2:1 respectively for a source with

angular dimension ACb s = 15 °, and 7: 3:1 when A(I, s = 30 °. Ana ysis of experimental data shows

that the latter ratio is apparently closer to reality [6].

Analysis of the cosmic ray intensity distribution over the glt_be during four large 'qaursts"

has shown fairly satisfactory agreement between theoretical viev's and experimental data. A

similar conclusion may be drawn from study of the lesser burst_ in the neutron component [6]. Of

the three impact zones - 9-hour, 4-hour and background - the m _st interesting are the first two.

When considering these zones we will assume that the angular di nension of the source is A _ s
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Fig. 1. Paramete_l determining particle txaJectmy [6]. a - in meridtonal plane,
b - in geomagnetic equator pla_e.
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PZ /_

gO-
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Fig. 6. Moscow (_= 50.8ONorth laL. A = 120.5o). Annual varla-
Lion of time in determining a point in impact zone* (world tame)2k_S=
30 ° ( ± 15°).

30 ° ( ± 15 ° with respect to the earth-sun line). During diurnal and mmual motion of the earth the

geomagnetic latitude of the sun _ s is changing constantly. This variation is the sun's position

may be found by using graphs for the transition from geographical to geomagnetic coordinates

[7]. The sun's geomagnetic coordinates - latitude @ s and longitude A s - were calculated for

various values of the sun's inclination 6 O from -23 to +23 ° (every 5 °) and for the geographic
longitudes 0, 30, 60 .... 330 °.

Making use of these data and also the fact that the angular dimension of the source was

A@ s = 30*, on the basis of the graphs in [7] we determined the geomagnetic latitude _ and drift

angle 0 (towards the west with respect to the earth - sun line) of the impact zone boundaries for

various geomagnetic latitudes of the sun@ s. The practical application of 0 is not entirely con-

venient. Subtracting _b from the sun's geomagnetic longitudes As, we obtain the boundaries of
the impact zones in longitude, expressed in degrees of the geomagnetic longitude A :

On the basis of the results we plotted graphs for the diurnal and seasonal variation in the

position of the 9-hour and 4-hour impact zones on the earth's surface. These graphs are shown in

Figures 2 to 5. They are very useful for rapid calculation of the seasonal variation in the location

of any point on the earthts surface within an impact zone in the Northern hemisphere. All that

needs to be done is to draw a straight line on the graph parallel to the axis of the abscissae and

corresponding to the geomagnetic coordinates of the given point. The intersection points between

the straight line and curves for various values of the solar inclination 6® (i.e., for particular

calendar dates) are plotted on the graph which has the days of the calendar year along the ab-
scissa and world time along the ordinate.

Thus, we obtain four curves to calculate each impact zone: two of them give the time that the
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Fig. 2. Seasonal and dhtmal changes in latitude in _he 9-hou_ impact zone.

_@.- _.. ^ -geomagnetic l_[tud_ of observation polnt. )® -sol_r inclination.

the zone remains at the given geomagnetic latitude, and the cther two show the time zones stay at
the geomagnetic longitude. The area on the graph covered by both pairs of curves at the same
time shows the annual variation in the time that the point ren_ains in the given impact zone.

Figures 6 - 14 give samples of these graphs for a number of points in the Soviet Union and
for Climax {USA).

F
6
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Fig. 3. Seasonal and dhn'nal changeJ In fat/rude /n the 9-hour Impact zone.

_a_, - so,. ® - geomagnetic lalltude of observation point, s@ - solar inclination.

As can be seen from these graphs, the most northerly point, Tikhaya Bay, only comes into
the 9-hour zone from April through August. Murmansk and SchrnidtCape are in the 9-hour zone
for almost the entire year and in the 4-hour zone for the winter season. The middle-latitude
stations - Moscow, Climax, Sverdlovsk, Yakutsk - are in the 4-hour zone for practicallythe
whole of the year and partiallyin the 9-hour zone. Irkutsk and Tblisi come in the 4-hour zone.

Italso follows from these graphs thatthe width of the impact zone varies appreciably in the
course of the year and may achieve 7 - 8 hours, as is the case, for example, for the 4-hour zone
in the Fall and the Spring.

Graphs similar to these, plotted at differentassumptions with regard to the angular dimensiont
of the source A4_ s, make itpossible to study the cosmic ray stream of solar origin in more de-
taft, to determine the effective angular dimensions of the source, the energy spectrum of
particles, and so on.
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Fig. 4, 5emou_l and dl_-'nalch_el of1_lil_dein_ 4-houz i.ol_'[ zoo.

a® - m-, _ - geomagMzJc la_t-,d_ of oble_a_ionpolnt. _ - s,_lax[nclina_lan.
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Fig. 5. Seasmsal and _ changes of l_flmde in the 9-horn" impact zoue.

ao - s0-, A -- geomagnetic lactmde of observation point, s ® - solar tn-

c].tnacton.

Conclusions

It was assumed when plotting the impact zones that the source was narrow in longitude and
protracted in latitude.

If we take the longitudinal dimensions of the source into account, the zone boundaries in

Figures 6 - 14 have to be widened by ± At (hour) = AA s [2" 15], where AA s is the longitudinal
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Fig. 7. Sverdlovsk (<_ m 4_,l°n-l:t. • .'_ m I _ql.f__) Annual va.rin_mi
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Fig. 8. Yaku_k (_ ffi 51,0 ° n. lat. ,, - t',_:_,8_) Am,ual v_a'L_tlon

of th'ne i_ determining a point in impact zones (world ttr_e) _$= ,_n°Itls'_

extension of the source (in degrees). Indeed, if this expanse is _A s degrees, the observation
point is caught in the given impact zone At hours earlier and le._ves it At hours later. Conse-
quently, the time spent in the impact zone is increased by 2 At _ours. Here, it is only the width
of the curves in Figures 6 - 14 which changes, and not their sh:tpe. On the basis of the fact that
the width of the neutron peaks in the impact zone is about 4 hou "s, Firor [6] has hypothesized
that AA._60 °. In actual fact the width of the neutron peaks is ,ietermined by the both A4> s and

_A s. S_mce the shape of the graphs in Figures 6 - 14 is solely • function of A4_s, and not LIA s,
the true value of AA s can be determined only when A4_s has bee_ found.

In solving this problem a substantial part must be played b_ data from points at which the
neutron component is recorded, for which the observation eond tions for solar originating particles
depends considerably on _4_ s. For example, the burst effect s_ould be absent in the 9-hour zone
in Moscow from July to the middle of August, if A_ s _< 30 °, ant shoald be retained if A_s_60°. In



115

F
6

7

GxI

17-

IJ-

I,_- /I

9

_,-

• I- 2r. J._. f • FT• 1_• _./£- Z .27._,

motifs

Fig. 9. C_ (@= I_.I° o.l.at.. A == $15.$). AmlUAI vJu'larlon

ol time in &_g a point In Imp_=t zones (worm tLme)AOs_, N" C: _g'_

GMf

J-

J

l-

G-

• / • ,E • ,_" • /l • .r • _ • 17.1 • I_/. ,_" • £ • I/ • 22r.

months

Fig. 10. Tkkhaya Bay t, P.= 7L_, n. lat. ^ .. ,53,2"}A,mualv_/ation
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Fig. 11. Murmamk I,l,=-64,1"n. lat. A == 124_.$'_), Annual vazia-

t/on O( t/me in dere_g • point in Impact zones (wmld Ctme) a@s,= _.{t_}

Yakutsk and Sverdlovsk the pattern should be the same• Schmidt Cape remains in the 4-hour

impact zone throughout the year if A4_s_60 °, and does not come under the 4-hour zone if A@ s
_o0 [8].

It is only after this type of analysis which makes it possible to find the most probable value



116

SNt

,'t-

Z/-

,0 o

Af-

/1'-

Af-

AP-

• / . X • f • _. Jr" • J_ • m*. J_, _ • J • 0 • _"

momJ_

Fig. 12. $¢bmLdt Cape (4) = 62.8" LlaZ.A == 227._'). Azmua/vaxla-

Uon of Ume b_ de_mdn_8 • polm b_ Lmp_ zanm (wm]d time)_o s. _. (_-.-)

8N7

ZI-

/$-

4f-

/7-

at-
• / • J • O • _. I - E • U. JM. _" • ," • 27 .J_ •

months

Fig. 13. Ixkuuk (_ = 40,8 ° n,,,la_ A = i74,5°). Anm_zl vaxtJtion of

TAme In demrm_Ing • point/- impact zooa (w(xld rJ_m) A@_ -W(_ as')

_T

/-

_,_-

*'3-

Z/-

a/-

z_- . Z . _. n. M. I • o. _. _" g' ' Z" ,U" H"
mont_

Fig. 14. TblJ_si (_= 36.3" _ ],st. ^ _ 122°). An1_,_al vaziazion of

time in d©term/n_ • point/n/mpacx zones (w_Id tree) _@_ = _, ,±_°_

_4_ s that we shall be able to determine the expanse of the source in longitude AA s.
Firor [6] has stud/ed the effect of chromospheric flues on the diurnal variation in the neutron

intensity at Climax. It follows from his results that during the v_rm six months (April i to
September 10) Climax evldently does not enter the 9-hour zone. But, unfortunately, we cannot

6
7
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derive the latitudinal expanse of the source from this, since the absence of the effect in the 9-hour

zone must be observed both in the case of A_ s = 30 ° as well as A_ = 60 o. The width of the
morning neutron peak (4-hour zone) at climax reaches approximately four hours. If it is assumed

that A_s,_30°, we can conclude from Figure 9 that the longitudinal expanse of the source AA s
will be about 15 - 20 °, i.e., considerably less than follows from Firor's evaluation (60").
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L. I. Dorman

DETERMINING PRIMARY VARIATION IN ENERGY SPECTRUM IN REGION OF VERY LOW

ENERGIES FROM DIFFERENCES OF EFFECTS IN EUROPE AND AMERICA

It is very often difficult to determine the energy spectrum cf primary variations in the

region of low energies. The use of simple variation of the effect with latitude in the high-

latitude region, according to [1], page 412, frequently produces a vague result because of low

statistics] accuracy. On the other hand, a very large number o? stations making continuous

recordings of cosmic rays axe concentrated in Europe and North America, and measurement of

the mean difference in effects on these two continents can be made with great accuracy, even

when the difference is very slight. Thus, let the amplitude of the type j variation of the type i

[vN'_(,,.)1
component in America at the geomagnetic latitude X at a level ho be equal to L_JAmer,

t_N_(h')] - in Europe at the same geomagnetic latitude; then, because of
r

and let it be equal to L_- e _ropc
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Pig. 1. Decma_ in ccwmlc-ray/nUsmit)" m • function of gecenagBeflc lazlmde and
longitude, dtuln 8 m•g_etic ztm'm of Augtm 29, 1957.

the non-coincidence of the geomagnetic equator with the equator effective with respect to cosmic

rays and discovered in the research [2], these two amplitudes will not, generally speaking, co-
incide. The difference between them can be represented as
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qm,n)

_JD
I(11, h.)d.

L /_(h,) Jkmer. L_Jeu_ J: --6-- _') w_ =

• (._I"_Amar.

= A.__ (_)W',(_ ho) (t)
where

Allk _ID rOifl , mln - _DIDc<(s_ )_.('_)x,','-_ (2)(,_ )^m_.<

From equation (1) it follows that

F_'_'_(_'_l - F_'_'_o,._1
riD t N_(a,) JAmer. [ N_(ho) JEer.

(_): a,_w[ 6 h.j (3)

As an example of the use of equation (3), we will calculate the energy spectrum of the pri-
mary variation in the low-energy region for a reduction in cosmic-ray intensity during the mag-
netic storm on August 29, 1957. Figure 1 (taken from [3]) shows the latitude-longitude de-
pendence of the amplitude of this effect.

Irs_'ument American

For the most of

the cosmic ray sta-
tions located in America

at geomagnetic latitudes.
from 50 to 58 ° , the
mean is E_l.5 Bey.

The value AExfor these
groups of stations was
calculated in [1] (see
page 420) from data for
the increase in cosmic-

ray intensity during the "

NeuUronMinitor

Cubic eelmcope

Ionization chamber

m is fcf high mountainous s_l:l.a_s

Statiom

,Euzopean. Othen

!

+

great solar flare on April 23, 1956, when the amplitude of the effect in America during isotropic

period was practically twice as much as in Europe. The value derived was A¢ x _0.7 - 0.8 Bey.
It is clear from the data in Figure 30 in [1] that W_ (_ , ho) for neutrons at sea level in the
region _ 1.5 - 2 Bey is about 2%/Bey. It is clear from the data in Figure 1 that the difference
in effects in America and Europe is about 0.5% for neutrons. Substituting these values into

equation (3), we obtain N0.3 for _ ¢-_ 1.5 - 2 Bev, which is not very much different from the
value derived in [3] for some high energies (D _0'2) Using the data obtained by stations at
still greater latitudes, it is possible, in principle, to find SD/D for lower energies.
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DETERMINING POINT AT WHICH EARTH ENTERS CORPUSCULAR STREAM, NATURE

OF EARTH'S MOTION WITHIN STREAM AND STREAM VELOCITY BY MEANS OF DE-

TAILED STUDY OF VARIATION IN COSMIC RAY INTt NSITY DURING MAGNETIC

STORMS

When looking at graphs showing the variation in cosmic-ray intensity during magnetic

storms, we see that they are only similar as a first approximation. They are all usually

marked by a sharp drop in intensity and a gradual recovery. Admittedly, there are a number

of cases (Figure 1) where the fall in intensity is almost as gradual as the rise. Thus, we have

before us two types of intensity variation in cosmic rays during magnetic storms, which differ
sharply from each other. The first question which arises in this connection is what is the

reason for this great difference. We will try to show below th,_t the chief reason is not the

specific features of any corpuscular streams, but the way in w lich the earth is seized by the

corpuscular stream. We will show that if a stream with a frozen magnetic field seizes the

earth with its lateral front, there is a gradual reduction and al ;o a gradual recovery of the
cosmic-ray intensity. Indeed, as shown in [2] (see Par. 36), the dimensions of the stream

region effective in scattering cosmic-ray particles is determined by the shortest disf_ance be-

tween the earth and any of the stream's edges. This statement is evidently valid with great ac-

curacy as long as we ignore the variation in cosmic-gay intensity due to acceleration or re-
tardation of particles by the stream's electric field. The intensity of the cosmic ray component

i can be represented as a first approximation by the expressiot

_t 2_ _, _1)
N_ L

where x is the shortest distance between the earth .and any of t_e stream's edges, L is the width

of the stream round the earth and the coefficient K 1. is the maximum reduction in the intensity of
the cosmic-ray component i at the latitude )_ when _e earth is in the middle of the stream (when

x = L/2). K_ can be found, according to [2] (see Chapter IV), from the formula

:=":== i I21
c_ 1In

where E_ nin is the geomagnetic threshold, he, is the pressure st the observation level and w i

(e, h o) is the coupling factor. According to the theory developed in [2] (see Chapter IX), the"

primary variations in cosmic rays _D(,) for streams carrying :ransverse uniform frozen magnetic
/J (+t)

i
fields (without taking into account the effect of the induced elec+ric field E = - c [uH], where u is

the stream velocity, and H is the magnetic field in the stream)

F

6

?

* We will attempt to take this variation into account from now )n. A preliminary calculation shows

that this is most important when determining the variation in m_isotropy of the cosmic-ray varia-

tion, i.e., in studying disturbances of the solar-diurnal variations in cosmic rays durIng magnetio
storms.
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Fig. 2. Predicted change [n cosmic-
ray intensity during magnetic storm

with izteral seizing of the earth by the
stzeam, in the case when the earth
moves through the axis of the nzeam.
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Fig. 4. Same as Fig. 2. except at
'2,/3 radim away from the stream
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Fig. 3. Same as Fig. 2, except at
1/3 radius away from the stxeam
axis.
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Fig. 5. Predicted change in cosmlc-zay intensity
during magnetic storm with frontal seizing of the
earthby thestream. The easthenum the scream
near the _routal lateral surface.
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G. Same as Fig. 5, except at • distance of
L from frontal lateral surface.
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g_67. Same as Fig. 5, except at • distance of
L from kont_ lamral surface.
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Fig. 8. Same as Fig. G. except at a distance of 3/G
L from boreal la_eril surface.
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Fig. 9. Same as Fig. 5. except at a d/stancu of

4/5 L from frontallauerals_faoe.
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where L is the width of the stream around the earth.

Figure 2 represents diagramatieally the passage of the earth through the corpuscular stream
and the theoretical corresponding variation in cosmic-ray intensi:y in a case where the cor-

puscular stream seizes the earth from the side when the earth intersects the stream axis.

Figures 3 and 4 show the variation in intensity when the earth, moving on, passes at a distance

of correspondingly 1/3 and 2/3 of its radius from the stream axis (it is assumed that the stream

has a circular section).

It should be kept in mind that the calculations in Figures 2-4 were based on purely geo-

metrical concepts, valid in essence for any mechanism for reduction in cosmic-ray intensity,

in particular, and for the medhanisms suggested by Morrison [31 and Parker [4]. But it stands

to reason that the conclusion is only valid as a first approximatioa. On closer examination there

must be some difference from the gral_hs in Figures 2-4, and als,_ differences between the graphs
themselves for different mechanisms.

In a similar way we can consider the variation in cosmic ray intensity in a case where the

corpuscular stream seizes the earth with its leading front. Here the calculation may also be made

by Formula (1), and all the terms in it have the same meaning as )efore. The value x, however,

will obey a different law in this case from the one for when the earth is seized by the stream's

lateral side. Figures 5-9 show different cases for seizure of the earth by the leading front at
four different stream velocities: 3. 10 7, 5 • 10 7, 10 8 and 2 • 10 8 cm/sec. The calculations make

allowance for the lag in stream corpuscles during rotation of the sun (radial propagation is as-

sumed). The remark made above with regard to the general appl-eability of the geometrical con-

cepts to various mechanisms is still valid for a case in which the earth is seized by the stream's
leading front.

By comparing the graphs in Figures 2-9 with the observed va:iations in cosmic ray intensity,

we can determine fairly accurately both the point at which the ear-h enters the corpuscular stream

as well as its motion within the stream and the stream velocity. *_ Furthermore, knowledge of the

point at which the earth enters the corpuscular stream makes it l_)ssible to improve considerably

the widely-used method of determining stream velocities from the lag in geomagnetic disturbances

with respect to the passage of active regions through the sun's eel tral meridian.

* It is planned to make a special study of this question.

** For example, for the storm on August 29, the variation in lntel_slty Is similar to the case
shown in Figure 6.
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LAYOUT OF APPARATUS RECORDING COSMIC RAYS AT PHYSICS LABORATORY OF

YAKUTSK BRANCH OF SIBERIAN DIVISION OF USSR ACADEMY OF SCIENCES

(_ = 51.0", A = 193.8 °)

Ill Wo_,

I"¢Lto:

A) Main laboratory building; B)extemlve _maoaphcrlc

shower pavtllom; C) underground laborator-; D) strato-
spheric station; E) building at top of shaft; 1) ASK-1
ionization chamber; 2) aewaou moultor; 3) extemlve

shower apparatua; 4) couamr cubic mlmcog4_; fi) under =
ground counter telescope; 6) semi-cubic coanmt role-

scope; 7) S-2 Ionization chamber; 8) USW radio re-

ceiver point; 9) I_rlt(Ollpheldc radloloRlldl1_ cou/l_r _h.-

scope.
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